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PARTNERSHIP  FOR  A  NEW  GENERATION  OF 
VEHICLES  (PNGV):  ASSESSMENT  OF  PRO- 
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TUESDAY,  JULY  30,  1996 

U.S.  House  of  Representatives, 

Committee  on  Science, 
Subcommittee  on  Energy  and  Environment, 

Washington,  DC. 

The  Subcommittee  convened  at  1:05  p.m.  in  room  2318  of  the 
Rayburn  House  Office  Building,  the  Honorable  Vernon  J.  Ehlers 
presiding. 

Mr.  Ehlers.  The  meeting  of  the  Subcommittee  on  Energy  and 
Environment  will  come  to  order. 

I  am  pleased  to  conduct  this  hearing  on  the  PNGV,  which  are  not 
the  call  letters  for  a  new  TV  station,  and  not  even  digital  TV,  but 
rather  stands  for  Partnership  for  a  New  Generation  of  Vehicles 
program  which  has  been  underway  for  a  few  years,  and  I  would 
like  to  welcome  all  Members  of  the  Subcommittee  and  witnesses  to 
this  oversight  hearing  on  the  Partnership  for  a  New  Generation  of 
Vehicles. 

This  is  an  interesting,  ambitious  and  complex  project  involving 
several  government  agencies  and  the  automobile  industry  com- 
prised of  General  Motors  Corporation,  Ford  Motor  Company  and 
Chrysler  Corporation  in  what  is  termed  by  the  Administration  as 
a  departure  from  the  historical  primarily  regulatory  relationship 
between  government  and  the  U.S.  auto  industry. 

The  PNGV  program  is  a  joint  cooperative  research  and  develop- 
ment program  between  the  Federal  Government  and  the  United 
States  Council  for  Automotive  Research,  better  known  as  USCAR, 
which  was  formed  by  Chrysler,  Ford  and  General  Motors.  The 
PNGV  program  has  its  roots  in  the  clean  car  initiative  which  was 
launched  by  President  Clinton  and  Vice  President  Gore  on  Septem- 
ber 29,  1993  with  three  specified  goals  of: 

First,  significantly  improving  national  competitiveness  in  manu- 
facturing; 

Second,  implementing  commercially  viable  innovation  from  ongo- 
ing research  on  conventional  vehicles;  and 

Third,  developing  a  vehicle  to  achieve  up  to  three  times  the  fuel 
efficiency  of  today's  comparable  vehicles  while  maintaining  or  im- 
proving performance  and  cost  and  meeting  or  exceeding  current 
federal  safety  and  emission  requirements. 

The  PNGV  program  was  established  with  the  aim  of  enhancing 
U.S.  automotive  industrial  competitiveness  by  providing  a  focus 

(1) 


and  pushing  the  boundaries  of  technology.  It's  appears  that  the 
PNGV  program  goals  one  and  two  were  designed  with  a  short-term 
outcome  in  mind  and  may  have  reached  a  stage  that  no  longer  war- 
rants an  extensive  involvement  by  the  Federal  Government. 

Goal  three  presents  a  more  ambitious  and  significant  improve- 
ment of  the  automobile  that  Americans  can  drive  and  one  that  can 
perhaps  improve  the  United  States  auto  industry's  global  competi- 
tiveness. 

Therefore  the  main  purpose  of  this  hearing  is  in  the  PNGV  orga- 
nization, program  goals,  Federal  Government  management  of  the 
program,  the  role  of  involved  agencies,  funding,  accomplishments  to 
date,  priorities  and  the  level  of  confidence  in  meeting  technical 
schedules  and  milestones.  These  points  are  particularly  relevant  to 
goal  three. 

Furthermore,  I  am  interested  in  examining  the  recommendations 
resulting  from  the  Natural  Research  Council's  annual  reviews  of 
the  PNGV  program  and  the  PNGVs  program's  responsiveness  to 
these  recommendations. 

I  personally  believe  strongly  in  the  peer  review  process,  having 
been  subjected  to  it  myself  as  a  scientist,  especially  when  the  fund- 
ing from  taxpayers  is  involved.  I  believe  that  such  a  peer  review 
process  should  become  a  permanent  part  of  the  PNGV  operation. 

The  PNGV  funding  situation  is  somewhat  confusing  and,  in  all 
fairness,  difficult  to  track.  Given  the  complex  organization  and  na- 
ture of  the  program,  it  is  even  more  important  to  have  the  coopera- 
tion of  all  the  agencies  and  the  USCAR  to  determine  the  real  con- 
tribution from  the  Federal  Government  and  the  actual  cost  sharing 
by  the  auto  industry. 

This  would  provide  for  a  healthy  and  objective  debate  that  can 
focus  on  the  substantive  policy  and  technical  issues.  We  need  to  de- 
termine what  are  the  appropriate  levels  and  areas  of  government 
involvement  and  whether  government  funds  are  being  invested  and 
used  wisely. 

Putting  it  in  a  slightly  different  context,  the  question  that  comes 
up  is:  why  in  the  world  should  the  Federal  Government  provide  a 
substantial  amount  of  money,  amounting  to  hundreds  of  millions  of 
dollars,  to  the  three  largest  corporations,  or  combined  the  largest 
corporations  in  the  United  States  and  the  world,  whose  worst  years 
have  not  equalled  the  annual  loss  of  the  Federal  Government  and 
whose  best  years  put  the  U.S.  Government  to  shame? 

At  the  same  time,  on  the  other  hand,  we  have  individuals  who 
say  this  is  a  marvelous  example  of  partnership  between  govern- 
ment and  industry.  The  government  plays  a  key  role  in  bringing 
together  competitors  on  a  project  where  they  can  all  bring  re- 
sources to  it  as  well  as  the  Federal  Government's  resources  and  can 
make  far  greater  progress  than  they  could  without  the  program. 

So  the  purpose  of  this  hearing  is  to  look  at  the  facts,  the  data, 
the  information  and  try  to  reach  an  appropriate  judgment  which 
will  be  somewhere  between  the  two  extremes  which  I  just  cited. 

Having  made  those  comments  I  now  recognize  Ms.  Rivers  rep- 
resenting the  Minority  side  for  any  remarks  she  might  wish  to 
make. 

Ms.  Rivers.  I  have  no  remarks.  Can  Mr.  Roemer  make  his  open- 
ing remarks  when  he  arrives  or  submit  them  for  the  record? 


Mr.  Ehlers.  Yes,  Mr.  Roemer,  if  he  arrives,  can  make  his  open- 
ing statement  any  time  he  wishes  or  submit  it  for  the  record,  but 
I  can  assure  you  you're  always  representing  the  Minority  side. 

Ms.  Rivers.  For  a  while  anyway. 

[Laughter.] 

Mr.  Ehlers.  I  do  appreciate  your  attendance  here  and  I  hope 
you're  able  to  remain  for  the  full  hearing.  I  deeply  appreciate  it, 
and  I'm  sure  we  both  have  a  great  deal  of  interest  in  this  topic,  not 
only  because  we're  from  Michigan,  but  because  of  the  work  we  have 
done  on  this  issue  in  the  past. 

We  will  recognize  other  Members  for  opening  statements  or  at 
least  putting  them  in  the  record  should  they  appear  at  the  hearing 
later. 

I'm  very  pleased  with  the  witnesses  we  have  assembled.  We  have 
two  distinguished  panels.  The  first  panel  will  represent  primarily 
the  government  sector,  and  it  consists  first  of  all  of  the  Honorable 
Lionel  S.  Johns,  Associate  Director  for  Technology  of  the  Office  of 
Science  and  Technology  Policy.  We  have  Mr.  Robert  Chapman, 
Chairman  of  the  PNGV  Government  Technical  Task  Force,  U.S. 
Department  of  Commerce;  Dr.  Joseph  Bordogna,  Assistant  Director 
for  Engineering  at  the  National  Science  Foundation;  and  Mr, 
Thomas  J.  Gross,  Deputy  Assistant  Secretary,  Office  of  Transpor- 
tation Technologies  of  the  U.S.  Department  of  Energy. 

So  we  have  all  the  Federal  Government  involvement,  perhaps  not 
all,  but  a  majority  of  the  Federal  Government  involvement  rep- 
resented at  this  table,  and  we  look  forward  to  your  testimony. 

Mr.  Johns,  we'll  begin  with  you. 

STATEMENT  OF  THE  HONORABLE  LIONEL  S.  JOHNS,  ASSOCI- 
ATE DIRECTOR  FOR  TECHNOLOGY,  OFFICE  OF  SCIENCE 
AND  TECHNOLOGY  POLICY,  THE  WHITE  HOUSE 

Mr.  Johns.  Thank  you,  Mr.  Chairman.  It's  a  privilege  to  be  here 
today.  I  appreciate  the  opportunity  to  talk  about  this  program 
which  we  feel  is  an  important  program  for  the  future  of  the  country 
and  for  our  economy. 

I  will  submit  my  statement  for  the  record  and  I  will  summarize 
the  statement  if  I  may. 

One  of  the  things  that  I  was  going  to  summarize  were  the  PNGV 
goals,  but  you  did  that  very  nicely  for  me  and  I  appreciate  it. 

At  the  beginning  of  this  Administration's  term  I  was  one  of  the 
representatives  in  the  White  House  that  worked  to  craft  this  part- 
nership, and  I  would  like  to  focus  on  the  reasons  why  we  felt  it  was 
important  to  do  that. 

Now  shortly  after  the  inauguration,  the  President,  the  Vice 
President  and  the  President's  Science  Advisor  began  considering 
how  to  best  address  difficult  policy  problems  involving  the  trans- 
portation sector,  specifically  the  environment  and  energy  policy 
problems  posed  by  our  increasing  reliance  on  the  automobile. 

Since  vehicle  miles  traveled  increased  at  the  rate  of  about  three 
percent  a  year  over  the  last  decade  and  consumers  are  favoring 
ever  larger  and  less  fuel  efficient  vehicles,  the  environment  and 
policy  issues  are  not  being  addressed  by  the  marketplace.  We  real- 
ized that  only  a  truly  bold  research  project  could  provide  the  tech- 


nology  to  address  these  policy  issues,  and  the  auto  industry  needed 
to  be  committed  to  the  project  in  order  for  it  to  work. 

The  goals  that  you  referred  to,  and  notably  the  third  goal,  the 
very  ambitious  one  of  trying  to  increase  the  efficiency  of  auto- 
mobiles by  a  factor  of  three  while  retaining  the  performance,  the 
cost,  the  cost  of  operations  and  the  safety  of  the  vehicles  was  pre- 
cisely what  that  third  objective  was. 

The  first  two  goals  that  you  referred  to  are  to  improvements  in 
manufacturing  and  the  innovations  that  are  along  the  road  towards 
accomplishing  the  third  goal,  and  our  intent  in  having  those  earlier 
goals  is  in  order  to  convey  the  intent  of  having  progress  incor- 
porated as  one  moves  along  across  a  10-year  program. 

Rather  than  unveiling  a  magical  new  car  10  years  down  the  road, 
the  R&D  process  is  one  which  spawns  new  ideas  which  have  dif- 
ferent levels  of  commercial  maturity,  and  those  goals  were  intended 
to  capture  that.  They  are  not,  as  you  point  out,  end  goals  in  them- 
selves, but  they  are  necessary  to  get  to  the  end. 

That  third  goal  accomplishment,  a  factor  of  three,  translates  into 
family  sedan  sizes  comparable  to  the  Concorde  for  Chrysler,  the 
Taurus  for  Ford  and  the  Lumina  for  General  Motors  that  gets  an 
equivalent  of  80  miles  per  gallon,  is  capable  of  accelerating  from 
zero  to  60  in  12  seconds  or  less,  a  range  of  380  miles  and  an  oper- 
ating life  of  at  least  100,000  miles. 

To  achieve  the  objective  will  require  attaining  technical  targets 
such  as  doubling  power  source  efficiency,  reducing  vehicle  weights 
by  at  least  40  percent,  cutting  drag  by  a  third,  reducing  rolling  re- 
sistance by  40  percent  and  developing  accessories  that  use  30  per- 
cent less  energy.  That  is  indeed  a  tall  order,  and  it  was  only,  I 
think,  in  this  past  year  or  so  that  we  started  to  be  optimistic  about 
the  chances  of  really  achieving  that. 

On  the  economic  front,  the  automobile  created  an  industry  that 
has  provided  high  quality  jobs  for  millions  of  Americans,  and  it  has 
given  birth  to  the  mass  production  system.  The  automobile  has 
brought  a  few  problems  with  it  as  well — pollution,  gridlock,  new 
personal  liabilities,  and  dependence  on  petroleum,  a  finite  resource. 

Nevertheless,  the  automobile  is  one  of  the  great  success  stories 
of  this  country.  Motor  vehicles  and  equipment  are  the  largest  of  all 
U.S.  manufacturing  industries;  U.S.  automakers,  their  dealers  and 
suppliers  provide  over  two  million  direct  jobs;  more  than  13  million 
people  work  in  related  industries,  one  in  seven  of  all  American 
jobs;  and  the  auto  industry  accounts  for  4.5  percent  of  the  U.S. 
GDP. 

Today  the  auto  industry  is  working  to  meet  a  variety  of  chal- 
lenges, facing  unprecedented  competition,  reaching  out  to  global 
markets,  coping  with  a  rapid  technological  change  and  responding 
to  environmental  needs.  The  auto  industry  has  been  seriously  en- 
gaged in  adopting  to  the  new  competitive  realities.  For  example,  it 
has  been  at  the  forefront  of  adopting  new  production  and  manage- 
ment approaches  even  though  this  has  often  been  a  painful  transi- 
tion process.  Yet,  as  we  look  to  the  future,  new  challenges  for  the 
industry  and  the  nation  lie  ahead. 

There  is  simply  a  limit  to  what  we  can  do  to  achieve  fuel  econ- 
omy and  reduce  pollution  if  efforts  are  limited  to  improving  inter- 


nal  combustion  engine  technology  and  enhancing  the  performance 
of  catalytic  converters  and  other  exhaust  related  components. 

By  the  end  of  1993  there  were  194  million  registered  motor  vehi- 
cles in  the  United  States.  These  vehicles  contributed  a  third  of  our 
smog-related  air  pollution  and  a  third  of  our  carbon  dioxide  emis- 
sions contributing  to  global  climate  change.  And  according  to  some 
projections,  there  could  be  nearly  270  million  registered  vehicles  in 
the  United  States  by  the  year  2010. 

Now,  this  is  the  outlook  for  the  United  States.  In  many  regions 
of  the  world,  economic  growth  in  the  emerging  industrial  nations 
is  lifting  millions  out  of  poverty  and  they,  too,  will  be  seeking  the 
automobile. 

The  United  States  is  highly  dependent  on  petroleum,  a  resource 
we  know  to  be  finite  and  located  primarily  in  other  countries  and 
for  which  there  is  an  increasing  worldwide  competition.  Indeed,  the 
United  States  is  becoming  more  dependent  on  foreign  oil  with  each 
passing  year.  In  1995  imports  accounted  for  50  percent  of  U.S.  oil 
consumption.  Petroleum  imports  make  up  10  percent  of  the  na- 
tion's import  inventory  and  account  for  a  large  chunk  of  the  na- 
tion's trade  deficit. 

With  domestic  consumption  growing  at  1.1  percent  a  year  £ind 
domestic  production  falling  at  1.4  percent  a  year,  the  Energy  Infor- 
mation Administration  predicts  that  by  the  year  2000  imports  will 
make  up  56  percent  of  our  consumption,  and  by  2010  imports  are 
expected  to  exceed  60  percent  of  domestic  consumption. 

Fuel  for  ground  transportation  accounts  for  43  percent  of  our  pe- 
troleum-based demand.  The  current  market  forces  alone  will  not 
get  us  where  we  want  to  be.  Consumers  today  view  quality  and  not 
fuel  economy  as  the  important  factor  in  purchasing  a  new  car  or 
truck.  While  fuel  economy  ranked  No.  2  to  consumers  in  1980,  it 
ranks  only  No.  10  in  1990,  and  the  biggest  growth  in  the  motor  ve- 
hicle market  continues  to  be  the  less  fuel-efficient  sports  utilities, 
mini-vans,  and  pick-ups. 

Clearly,  the  development  and  application  of  new  technologies 
that  would  enable  automobiles  to  consume  less  fuel  and  emit  sub- 
stantially less  pollutants  would  have  a  profound  effect  on  the  Unit- 
ed States  and  the  world. 

These  factors  indicate  a  clear  convergence  of  public  and  private 
interests,  and  for  this  convergence  that  established  the  foundation 
for  a  partnership  between  the  Federal  Government  and  U.S.  auto- 
makers to  work  together  to  achieve  the  technological  break- 
throughs required  to  produce  a  new  class  of  highly  efficient,  envi- 
ronmentally-compatible vehicles. 

In  his  1993  technology  policy  statement,  "Technology  for  Ameri- 
ca's Economic  Growth:  A  New  Direction  to  Build  Economic 
Strength,"  President  Clinton  committed  to  establishing  such  a  part- 
nership. Following  six  months  of  negotiations,  the  President  and 
the  CEOs  of  Chrysler,  Ford,  and  General  Motors  announced  the  es- 
tablishment of  the  Partnership  for  a  New  Generation  of  Vehicles  in 
1993.  A  public-private  partnership  between  the  Federal  Govern- 
ment and  USCAR,  this  research  effort  now  involves  the  Big  Three, 
seven  federal  agencies,  including  18  national  laboratories,  numer- 
ous universities,  and  more  than  350  automobile  suppliers. 


As  you  know,  the  Administration  believes  that  the  government 
support  of  long-term,  high-risk  R&D  to  assist  in  reaching  the  coun- 
try's policy  goals  is  not  only  appropriate  but  vital,  and  we  feel 
strongly  that  the  efforts  by  some  in  Congress  during  the  last  budg- 
et cycle  to  reduce  or  eliminate  this  spending  is  short-sighted  and 
ignores  the  historic  value  to  the  country  of  such  investment,  which 
traditionally  has  enjoyed  bipartisan  support. 

The  Administration  and  the  industry  have  worked  closely  with 
Congress  to  foster  an  understanding  of  our  work  and  to  explain  in 
detail  the  needs  for  the  funding  requested.  While  we  were  unable 
to  obtain  the  level  of  spending  requested,  we  believe  we  have  re- 
tained a  viable  program  and  are  working  with  industry  to  get  a 
maximum  value  for  those  expenditures.  We  are  carefully  examining 
each  agency's  ongoing  project  to  assure  maximum  efficiency. 

We  see  real  technical  progress,  much  of  which  is  discussed  in  the 
Technical  Accomplishments  Report  you  have  been  provided.  If  this 
project  is  permitted  to  work,  I  believe  it  will.  We  need  to  be  able 
to  maintain  our  budget,  and  we  need,  and  I  believe  deserve,  the 
support  of  the  legislative  branch. 

I'll  be  happy  to  answer  any  questions  that  you  may  have. 

I  would  like  to  point  out  that  a  Technical  Accomplishments  docu- 
ment prepared  with  our  cooperation  by  USCAR  helps  to  summarize 
some  of  these  near-term  gains  that  we  have  made  as  a  result  of 
this  program,  and  I  think  it's  only  the  beginning. 

Thank  you  very  much,  sir. 

[The  prepared  statement  of  Mr.  Johns  follows:] 
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Mr.  Chairman  and  members  of  the  subcommittee,  thank  you  for  giving  me  the  opportunity  to 
review  the  status  of  the  Partnership  for  a  New  Generation  of  Vehicles,  or  PNGV.   As  a  representative  of 
one  of  the  White  House  offices  that  woriced  to  craft  the  partnership  in  1993,  I  would  like  to  focus  my 
testimony  on  the  Administration's  reasons  for  entering  into  the  partnership,  and  for  believing  that  it  can 
and  should  be  a  prototype  for  solving  certain  policy  problems  in  the  future. 

Shortly  after  the  inauguration,  the  President,  Vice  President,  and  the  President's  Science  Advisor 
began  considering  how  best  to  address  difficult  policy  problems  involving  the  transportation  sector  — 
specifically,  the  environmental  and  energy  policy  problems  posed  by  our  ever-increasing  reliance  on  the 
automobile.  This  work  was  also  informed  by  a  recognition  of  the  impact  of  the  auto  industry  on  the 
economy,  and  the  importance  of  its  success  to  expansion  of  high-wage  employment  in  this  country. 

Since  vehicle  miles  traveled  has  increased  at  a  rate  of  about  3%  per  year  over  the  last  decade,  and 
consumers  are  favoring  ever-larger  and  less  fuel  efficient  vehicles,  the  environmental  and  energy  policy 
issues  are  not  being  addressed  by  the  marketplace.   We  realized  that  only  a  truly  bold  research  project 
could  provide  the  technology  to  address  these  policy  issues,  and  that  the  auto  industry  needed  to  be 
committed  to  that  project  in  order  for  it  to  work. 

Thus,  the  government  began  its  work  toward  a  PNGV  project  as  part  of  its  responsibility  to 
address  two  very  difficult  policy  issues  discussed  below.   We  also  believed  that,  over  the  long  range,  the 
industry  that  solved  these  policy  problems  could  capture  an  increasing  share  of  the  world  market.   Given 


the  importance  of  the  auto  industry  to  our  economy  and  our  job  market,  we  recognized  that  working  with 
the  industry  to  solve  our  policy  problems  would  also  be  tremendously  beneficial  to  our  economy. 

PNGV  Goals 

The  PNGV  research  and  development  agenda  is  focused  on  achieving  three  goals: 

First,  PNGV  aims  to  improve  manufacturing  competitiveness  significantly  by  upgrading 
manufacturing  technology.  We  expect  this  will  lead  to  reductions  in  cost  and  lead  times,  allowing  U.S. 
automakers  to  respond  quickly  to  changes  in  consumer  preferences  and  seize  market  opportunities.   This 
includes  advances  in  design  for  manufacturing,  rapid  prototyping,  intelligent  processes,  and  agile 
manufacturing. 

Second,  we  want  viable  innovations  resulting  from  ongoing  research  to  be  applied  to  conventional 
vehicles  and, rapidly  commercialized.  Technologies  that  will  improve  fiiel  efficiency  and  reduce  emissions 
will  be  especially  important. 

Our  third  goal  is  our  most  ambitious:  to  develop,  within  the  next  decade,  a  class  of  vehicles  that 
will  be  up  to  three  times  more  fuel  efficient  than  today's  cars.  These  vehicles  should  also  cost  no  more  to 
own  and  operate;  offer  comparable  performance,  roominess,  and  utility;  and  meet  or  exceed  all  safety 
and  emission  requirements. 
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This  translates  into  a  family  sedan-size  vehicle  such  as  a  Concorde,  Taurus,  or  Lumina  that  gets 
the  equivalent  of  80  miles  per  gallon,  is  capable  of  accelerating  from  zero  to  60  in  12  seconds  or  less, 
has  a  range  of  380  miles,  and  has  an  operating  life  of  at  least  100,000  miles. 

To  achieve  this  objective  will  require  attaining  technical  targets  such  as  doubling  power  source 
efficiency,  reducing  vehicle  weight  by  at  least  40  percent,  cutting  drag  by  a  third,  reducing  rolling 
resistance  by  40  percent,  and  developing  accessories  that  use  30  percent  less  energy. 

It's  a  tall  order,  but  we  think  it's  within  our  reach. 


Central  Role  of  The  Automobile  in  20th  Century  American  Life 

Since  Henry  Ford's  Model  T  first  rolled  off  the  assembly  line  in  1908,  the  automobile  has  played 
a  central  role  in  American  life.   As  a  driver  of  social  change,  the  automobile  reshaped  our  cities, 
suburbs,  and  home  designs.  It  changed  our  work  lives,  shopping  habits,  vacation  patterns,  and  even  our 
courting  rituals. 

On  the  economic  front,  the  automobile  created  an  industry  that  has  provided  high  quality  jobs  for 
millions  of  Americans.  This  industry  also  gave  birth  to  the  mass  production  system   -  a  new  way  of 
manufacturing  that  was  adopted  worldwide  in  nearly  every  industry,  a  system  that  fueled  U.S. 
productivity  and  economic  growth  for  most  of  this  century.    In  addition  to  those  employed  directly  in  the 
making  of  cars,  the  automobile  spawned  new  lines  of  business  -  in  insurance,  banking,  and  sales;  road 
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and  highway  construction;  oil  refining;  service  stations;  infrastructure  for  car  care;  drive-in  theaters,  and 
drive-up  restaurants. 

Of  course,  the  automobile  brought  a  few  problems  witli  it  as  well  -  pollution;  gridlock;  new 
personal  liabilities;  and  dependence  on  petroleum,  a  finite  resource. 

Nevertheless,  the  automobile  remains  one  of  America's  greatest  success  stories.  For  example: 

•  motor  vehicles  and  equipment  are  the  largest  of  all  U.S.  manufacturing  industries; 

•  U.S.  automakers,  their  dealers,  and  suppliers  provide  over  two  million  direct  jobs  -  more 
than  13  million  people  work  in  related  industries  -  one  in  seven  of  all  American  jobs; 

•  the  auto  industry  accounts  for  4.5  percent  of  U.S.  GDP. 

Today,  the  automotive  industry  is  working  to  meet  a  variety  of  challenges:  facing  unprecedented 
competition,  reaching-out  to  global  markets,  coping  with  rapid  technological  change,  and  responding  to 
environmental  needs.   The  automotive  industry  has  been  seriously  engaged  in  adapting  to  the  new 
competitive  realities.    For  example,  it  has  been  at  the  forefront  of  adopting  new  production  and 
management  approaches  even  though  this  has  often  been  a  painful  transformation  process.  Yet,  as  we 
look  to  the  future,  new  challenges  for  the  industry  and  the  Nation  lie  ahead. 
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World  Economic  Growth  and  Pollution 

There  is  simply  a  limit  to  what  we  can  do  to  achieve  fuel  economy  and  reduce  pollution  if  efforts 
are  limited  to  improving  internal  combustion  engine  technology  and  enhancing  the  performance  of 
catalytic  converters  and  other  exhaust-related  components. 

By  the  end  of  1993,  there  were  194  million  registered  motor  vehicles  in  the  United  States.  These 
vehicles  contribute  a  third  of  our  smog-related  air  pollution,  and  one-third  of  our  carbon  dioxide 
emissions  contributing  to  global  climate  change.   And,  according  to  some  projections,  there  could  be 
nearly  270  million  registered  vehicles  in  the  United  States  by  the  year  2010. 

There  have  been  significant  advances  in  producing  vehicles  that  emit  fewer  pollutants.  However, 
there  will  come  a  time  when  automotive  emission  control  technologies  will  not  be  able  to  keep  up  with 
increases  in  the  number  of  vehicles  on  the  road  and  vehicle  miles  traveled.   In  addition,  only 
improvements  in  fuel  efficiency  will  address  emission  of  carbon  dioxide,  since  each  gallon  of  gasoline 
burned  relates  directly  to  carbon  dioxide  emissions.  Our  vehicles  may  emit  fewer  pollutants,  but  there 
will  be  so  many  more  of  them  in  use  that  automobile-generated  pollution  will,  nevertheless,  remain  a 
problem. 

And  this  is  the  outlook  for  only  the  United  States.  In  many  regions  of  the  world,  economic 
growth  in  the  emerging  industrial  nations  is  lifting  millions  out  of  poverty.  In  East  Asia  alone,  the 
number  of  poor  has  fallen  from  400  million  in  1970  to  180  million  in  1990,  and  China  has  lifted  an 
estimated  175  million  people  out  of  poverty.   These  nations  are  now  expanding  their  road  systems  and 
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establishing  other  infrastructure.   As  time  goes  on,  more  and  more  of  these  people  will  achieve  "middle 
class"  status  and  the  demand  for  automobiles  will  grow.  China  projects  that  its  domestic  market  will 
grow  from  180,000  autos  in  1992,  to  1.5  million  in  2003  -  an  annual  average  growth  rate  of  more  that 
66  percent.   Auto  sales  in  South  Korea  already  reached  1.5  million  in  1993,  and  15  percent  annual 
average  growth  is  projected  for  several  years. 

U.S.  Dependence  on  Finite  Oil  Resources 

The  United  States  is  highly  dependent  on  petroleum,  a  resource  we  know  to  be  finite  and  located 
primarily  in  other  countries,  and  for  which  there  will  be  increasing  worldwide  competition.   Indeed,  the 
U.S.  is  becoming  more  dependent  on  foreign  oil  with  each  passing  year.    In  1995,  imports  accounted  for 
50  percent  of  U.S.  oil  consumption.  Petroleum  imports  make  up  ten  percent  of  the  Nation's  import 
inventory  and  account  for  a  large  chunk  of  the  Nation's  trade  deficit.  With  domestic  consumption 
growing  1 . 1  percent  a  year,  and  domestic  production  falling  1.4  percent  a  year,  the  Energy  Information 
Administration  predicts  that  by  the  year  2000,  imports  will  make  up  56  percent  of  our  consumption.  By 
2010,  imports  are  expected  to  exceed  60  percent  of  domestic  consumption.   As  the  economies  of  the 
emerging  nations  continue  to  grow,  so  too  "will  their  demand  for  oil. 

Fuel  for  ground  transportation  accounts  for  43  percent  of  our  petroleum-based  energy  demand. 
When  we  find  ways  to  get  more  for  each  dollar  spent  on  a  barrel  of  oil,  it  helps  us  reduce  our  growing 
dependence  on  this  finite  resource.  Also  by  the  year  2010,  two-thirds  of  the  oil  traded  on  the  world 
market  is  projected  to  come  from  the  Persian  Gulf,  a  region  of  persistent  political  instability.    Protecting 
our  economic  interests  in  this  region  is  a  challenge. 
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Fuel  Economy  Not  High  On  List  of  Consumer  Demands 

Third,  current  market  forces  alone  will  not  get  us  where  we  want  to  be.  Consumers  today  view 
quality  —  not  fuel  economy  —  as  the  most  important  factor  in  purchasing  a  new  car  or  truck.   Quality 
ranked  number  one  to  consumers  in  1980  after  the  Iranian  Oil  Crisis,  and  number  one  in  1990  when  gas 
prices  were  relatively  cheap. 

But,  while  fuel  economy  ranked  number  two  to  consumers  in  1980,  it  ranked  only  number  ten  in 
1990.   And,  the  biggest  growth  in  the  motor  vehicle  market  continues  to  be  in  the  less  fuel-efficient  sport 
utilities,  mini-vans,  and  pick-ups. 


Jobs,  Economic  Growth,  and  Foreign  Competition 

It  is  clear  that  a  competitive  advantage  that  will  flow,  over  the  long  term,  to  companies  that  are 
among  the  first  to  market  with  a  PNGV-like  vehicle.   Indeed,  the  economic  benefits  that  will  accrue  to 
those  companies'  home  nations  and  citizens  is  not  lost  on  America's  chief  competitors  in  the  global 
marketplace.   Nations  around  the  world  have  moved  quickly  to  emulate  PNGV  and  expand  their  existing 
collaborations  with  industry. 

For  example,  the  government  of  Japan  has  worked  in  partnership  with  its  automobile  industry  for 
years,  and  has  supported  electric  vehicle-related  research  since  1971.  We  believe  that  the  Japanese  budget 
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for  a  PNGV-type  vehicle  dwarfs  the  PNGV  budget,  and  that  Japan  has  pledged  to  double  its  overall  R&D 
funding  by  the  year  2000. 

The  European  Union  has  also  entered  the  race  to  create  a  PNGV-type  vehicle.  "The  Car  of 
Tomorrow"  initiative  is  providing  substantial  funding  to  EUCAR  (European  Council  for  Automotive 
R&D),  a  consortium  of  European  car  makers  similar  to  USCAR.  EUCAR  participants  include  BMW, 
Mercedes,  Fiat,  Ford  Europe,  Opel,  Peugeot-Citroen,  Renault,  Rover,  Volkswagen,  and  Volvo. 
EUCAR  has  a  proposed  5-year  government-funded  budget  of  $2.3  billion,  and  its  program  plan,  goals 
and  objectives  mirror  those  of  PNGV. 

What  seems  clear  is  that  the  European  and  Japanese  governments  will  continue  to  provide 
substantial  funding  and  support  to  their  auto  industries  to  produce  a  PNGV-type  vehicle  regardless  of  the 
technical  progress  or  U.S.  government  support  of  PNGV. 


Foundations  for  A  Government-Industry  Partnership 

As  stated,  the  Administration  began  this  work  in  an  effort  to  solve  environmental  and  energy 
problems  that  have  been  intractable,  and  in  hopes  that  in  solving  these  problems  we  would  help  improve 
the  economy  and  create  jobs.  While  the  initial  agreement  was  with  the  Big  Three  automakers  who  will 
compete  by  bringing  the  vehicles  to  market  based  on  successful  PNGV  developments,  we  also  knew  that 
the  partnership  has  to  include  as  wide  a  group  of  research  partners  as  possible  for  it  to  succeed. 
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Clearly,  the  development  and  application  of  new  technologies  that  would  enable  automobiles  to 
consume  less  fuel  and  emit  substantially  less  pollutants  would  have  profound  effects  for  the  United  States 
and  the  world: 

•  create  a  healthier  global  environment  by  reducing  vehicle  pollution; 

•  improve  U.S.  national  security  by  reducing  our  reliance  on  oil; 

•  improve  the  Nation's  balance  of  trade  by  reducing  oil  imports; 

•  extend  the  life  of  the  world's  high-end  petroleum  resources  by  using  them  more  efficiently; 

•  increase  the  competitiveness  of  the  U.S.  auto  industry; 

•  open  new  markets  across  the  globe; 

•  protect  existing  high-wage  jobs  and  create  new  ones. 

These  factors  indicate  a  clear  convergence  of  public  and  private  interests.    And  it  is  this 
convergence  that  established  the  foundation  for  a  partnership  between  the  Federal  government  and  U.S. 
automakers  to  work  together  to  achieve  the  technological  breakthroughs  required  to  produce  a  new  class 
of  highly  energy-efficient  and  environmentally-compatible  vehicles. 

In  his  1993  technology  policy  statement.  Technology  for  America's  Economic  Growth:  A  New 
Direction  to  Build  Economic  Strength,  President  Clinton  committed  to  establishing  such  a  partnership. 
Following  six  months  of  negotiations,  the  President  and  the  CEOs  of  Chrysler,  Ford,  and  General  Motors 
announced  the  establishment  of  the  Partnership  for  a  New  Generation  of  Vehicles  on  September  29. 
1993.   A  public-private  partnership  between  the  Federal  government  and  USCAR,  this  cooperative 
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research  effort  now  involves  the  Big  Three  U.S.  automakers,  seven  Federal  agencies  (including  18 
national  laboratories),  numerous  universities  and  more  than  350  automotive  suppliers  in  PNGV  research. 


Government  and  Industry  Roles  in  PNGV 

Both  government  and  industry  bring  unique  strengths  to  the  table. 

The  industry  partners  have  the  capability  to  determine  which  product  concepts  make  the  most 
sense  to  bring  to  market;  their  expertise  in  mass  production  and  marketing  is  essential  to  convert  any 
advanced  technical  idea  into  a  practical  product. 

Federal  agencies  have  a  resource  of  knowledge  in  advanced  technologies  and  technical  capabilities 
at  their  laboratories  that  can  have  direct  relevance  to  the  PNGV  project.   For  example: 

•  The  Commerce  Department's  capabilities  lie  in  materials  and  advanced  manufacturing; 

•  The  Department  of  Defense  has  been  particularly  active  in  energy  conversion  and  electrical 
systems  R&D; 

•  The  Energy  Department  has  developed  a  comprehensive  Electric  and  Hybrid  Propulsion 
Program  focusing  on  advanced  batteries,  fuel  cells,  and  propulsion  systems; 

•  The  Department  of  Transportation  brings  crash  safety  expertise  to  the  table; 

•  NASA's  pertinent  knowledge  includes  lightweight  structures,  fly  wheels,  high-temperature 
engine  materials,  fuel  cells,  and  advanced  electronics  technologies; 
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•  The  National  Science  Foundation  is  our  link  to  academic  research  institutions,  doing  basic  and 
applied  research  in  all  fields; 

•  EPA's  contribution  includes  emissions-testing  expertise  on  alternative  fuels  and  guidance 
on  environmental  matters. 

The  government  has  other  responsibilities  as  well: 

•  We  are  working  in  consultation  with  our  industry  partners  to  set  priorities  for  automotive-related 
government-sponsored  R&D; 

•  We  are  working  on  an  interagency  basis  to  coordinate  policies  and  programs  that  can  contribute  to 
the  project; 

•  We  are  committed  to  facilitating  the  transfer  of  government-sponsored  technologies  to  the 
industry  in  a  timely  manner. 

Participants  will  share  the  cost  of  the  project  using  a  variety  of  arrangements  -  direct  funding  of 
university  research,  funding  of  cost-shared  research  with  industry,  and  government-industry  cooperative 
research  arrangements. 

The  relative  proportions  of  government  and  private  funding  will  vary  depending  on  the  specific 
project  involved.  The  government's  share  of  funding  will  be  larger  for  high-risk  projects  where 
outcomes  are  uncertain  —  areas  in  which  technical  risks  are  too  great  or  returns  too  distant  to  justify 
adequate  funding  from  the  private  sector.  The  industry  share  of  funding  will  be  larger  for  technologies 
with  a  clear,  near-term  market. 
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As  you  know,  the  Administration  believes  that  government  support  of  long-term  high-risk  R&D  to 
assist  in  reaching  the  country's  policy  and  economic  goals  is  not  only  appropriate  but  vital.   We  feel 
strongly  that  the  efforts  by  some  in  the  Congress  during  the  last  budget  cycle  to  reduce  or  eliminate  this 
spending  is  short-sighted,  and  ignores  the  historic  value  to  the  country  of  such  investment,  which 
traditionally  has  enjoyed  bipartisan  support. 

Notwithstanding  such  efforts,  the  Administration  and  the  industry  have  worked  closely  with 
Congress  to  foster  understanding  of  our  work  and  to  explain  in  detail  the  need  for  the  funding  requested. 
While  we  were  unable  to  obtain  the  level  of  spending  requested,  we  believe  we  have  retained  a  viable 
program,  and  are  working  with  industry  to  get  the  maximum  value  from  those  expenditures.   We  are 
carefully  examining  each  agency's  ongoing  projects  to  assure  maximum  efficiency. 

Conclusion 

To  summarize,  we  began  this  unique  partnership  as  an  effort  to  address  significant  public  policy 
problems.  We  realized  that  we  were  taking  on  not  only  an  enormous  technical  challenge,  but  also  an 
unprecedented  management  challenge.   We  believe  that  now,  almost  three  years  into  the  program  and 
having  made  some  inevitable  mistakes,  we  have  a  real  working  partnership  with  an  effective  management 
structure  and  technical  teams  that  trust  and  inspire  each  other.   We  have  broadened  the  partnership  to 
include  experts  in  business  and  academia  well  beyond  the  Big  Three.  We  are  seeing  real  technical 
progress,  much  of  which  is  discussed  in  the  Technical  Accomplishments  report  you  have  been  provided. 
If  this  project  is  permitted  to  work,  I  believe  it  will.   We  need  to  be  able  to  maintain  our  budget,  and  we 
need,  and  1  believe,  deserve,  the  support  of  the  Legislative  Branch.   1  will  be  happy  to  answer  any 
questions  you  may  have. 
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Mr.  Ehlers.  Thank  you  for  your  comments.  We  will  deal  with 
questions  after  we  have  heard  from  everyone  on  the  panel. 

I  would  comment  I  have  read  the  book  you  just  held  up,  and  it's 
very  informative.  I  suspect  we  probably  should  produce  a  black  and 
white  copy  for  the  Congress  so  they  won't  see  how  much  money 
was  spent  in  producing  it  since  that's  one  thing  they  always  look 
at. 

Mr.  Johns.  Those  were  not  taxpayer  dollars,  sir. 

Mr.  Ehlers.  That's  good  to  hear. 

Before  we  go  to  the  next  witness  I  would  like  to  recognize,  or  just 
acknowledge  the  presence  of,  Dr.  Roscoe  Bartlett  who  has  joined 
us.  We  now  have  two-thirds  of  the  scientists  on  the  Committee 
present.  And  Congresswoman  Rivers  represents  one  of  the  greatest 
universities  of  the  world  in  her  district  and  certainly  a  very  sci- 
entific one.  So  we  have  the  scientific  orientation  here  at  this  meet- 
ing today. 

Mr.  Chapman. 

STATEMENT  OF  ROBERT  M.  CHAPMAN,  CHAmMAN,  PNGV  GOV- 
ERNMENT  TECHNICAL  TASK  FORCE,  U.S.  DEPARTMENT  OF 
COMMERCE 

Mr.  Chapman.  Good  afternoon,  Mr.  Chairman.  I'm  Robert  Chap- 
man of  the  Department  of  Commerce. 

As  Chairman  of  the  government's  PNGV  Technical  Task  Force  I 
will  be  testifying  for  Dr.  Mary  Good,  Commerce  Under  Secretary 
for  Technology  Administration,  who  was  unable  to  attend  this  hear- 
ing. Dr.  Good's  written  testimony  discusses  PNGV  goals,  manage- 
ment and  progress  in  some  detail,  and  I'll  not  repeat  that. 

I  would  like  to  focus  my  statement  on  two  aspects,  the  govern- 
ment's role  in  PNGV  and  its  financial  support  of  this  research  pro- 
gram, which  in  a  lot  of  cases  has  been  a  source  of  some  misunder- 
standing in  the  past,  and  I  think  you  referred  to  that  in  your  open- 
ing statement. 

As  you  know,  the  Partnership  for  a  New  Generation  of  Vehicles 
is  an  agreement  between  the  Federal  Government  and  the  Big 
Three  domestic  automobile  manufacturers.  The  government  side  it- 
self may  be  characterized  as  a  partnership  also.  There  are  cur- 
rently seven  federal  agencies  participating  in  the  PNGV,  with  Com- 
merce, where  I  reside,  having  the  lead  for  government  coordination. 

The  major  objective  of  our  activities  is  to  ensure  that  the  tech- 
nologies resident  in  the  government  laboratories,  or  otherwise 
sponsored  by  the  government  and  relevant  to  the  PNGV,  are 
shared  with  our  auto  industry  partners.  Industry  in  this  case  refers 
to  suppliers  as  well  as  the  OEMs,  OEMs  being  Ford,  Chrysler  and 
GM. 

There  are  20  federal  laboratories  participating  in  this  effort.  One 
half  of  them  are  DOE  labs,  but  nearly  all  the  other  agencies'  lab- 
oratories are  participating  to  some  extent.  NSF,  as  you  may  know, 
does  not  have  any  lab. 

The  PNGV  Technical  Accomplishments  Report,  which  is  again 
the  one  that  Mr.  Johns  showed  you,  which  we  furnished  and  I  be- 
lieve all  of  you  have  that,  lists  61  projects  in  which  federal  labora- 
tories are  actively  involved.  Twelve  of  these  success  stories,  for  ex- 
ample, are  at  Oak  Ridge  National  Lab.  Now  that  was  for  the  bene- 
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fit  of  Congressman  Wamp,  and  I'm  sorry  he's  not  here,  but  you  can 
tell  him. 

The  question  of  the  budget,  "the  budget  for  PNGV"  requires  some 
explanation.  There  are  several  reasons  for  this.  First,  there  is  no 
overall  budget  as  such.  There  is  no  overall  budget  for  PNGV  as 
such.  It's  more  appropriate  to  talk  about  the  aggregate  level  of 
technical  activity  on  PNGV  than  the  funding  level  associated  with 
that,  and  let  me  explain  further. 

The  funding  level,  and  note  that  I  did  not  say  budget,  but  the 
funding  level  of  PNGV  is  approximately  $293  million  a  year.  Of 
this,  roughly  one-third  goes  to  the  federal  laboratories  to  support 
their  research  projects  and  to  support  their  interactions  with  auto 
industry  engineers.  One  third  goes  to  generally  non-OEM  suppliers 
by  a  direct  contract  for  research  from  the  Department  of  Energy, 
the  National  Science  Foundation,  the  Advanced  Technology  Pro- 
gram at  NIST  and  various  small  business  innovation  research  pro- 
grams. The  balance,  roughly  one-third,  goes  to  the  OEMs.  This  sup- 
ports specific  PNGV-related  systems  engineering  and  similar  pre- 
competitive  research.  Of  that  funding,  that  is  the  funding  that  goes 
to  the  OEMs,  roughly  three-quarters  is  channeled  to  suppliers 
working  with  the  OEMs. 

The  upshot  is  that,  overall,  roughly  one-half  of  the  PNGV  fund- 
ing goes  to  suppliers,  some  from  the  government  directly  and  the 
balance  from  the  auto  companies,  originated  with  the  government 
but  through  the  auto  companies.  The  amount  of  money  that  actu- 
ally "sticks"  with  the  OEMs  is  less  than  10  percent,  roughly,  of  the 
total  funding  level. 

Regarding  the  $293  million,  which  is  the  aggregate  level  of  re- 
search activity  we  believe  related  to  PNGV,  about  $120  million  was 
identified  as  PNGV-related  in  agencies'  FY-96  budget  submissions. 
So  it's  traceable  to  something  that  was  actually  submitted  in  the 
budget. 

These  requests,  by  the  way,  were  cut  $60-  to  $70  million  to  bring 
us  to  our  present  operating  level  of  293.  The  balance  of  the  fund- 
ing, roughly  one-half,  is  made  up  of  a  large  number  of  research 
projects  in  the  seven  supporting  agencies.  Many  of  these  projects 
were  initiated  before  PNGV  was  formed  to  support  research  related 
to  the  agencies'  statutory  or  traditional  missions. 

Subsequently,  the  PNGV  Technical  Task  Force  determined  that 
these  research  projects  had  some  significance  or  relevance  to 
PNGV.  They  were  then  thus  included  in  the  technology  base  for  the 
program. 

So  in  general  we  have  applied  very  little  new  funding  to  PNGV. 
The  formation  of  this  project  was  primarily  an  effort  to  focus  relat- 
ed ongoing  research.  The  PNGV  label  has  been  attached  to  a  wide 
range  of  research  projects  that  are  considered  to  be,  in  whole  or  in 
part,  able  to  support  the  PNGV  goals. 

The  Accomplishments  Report  and  our  testimony  should  convey 
graphically  that  this  is  an  undertaking  which  has  the  air  of  suc- 
cess. We  want  you  to  understand  that,  in  the  main,  the  research 
activity  we  are  drawing  upon  within  the  government  was  underway 
prior  to  PNGV,  and  it  has  now  been  realigned  to  focus  on  PNGV 
goals. 
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Our  ability  to  draw  on  the  technology  resources  of  the  govern- 
ment and  focus  this  research  gives  the  partnership  its  momentum 
and  puts  us  on  track  to  succeed  in  meeting  the  challenging  goals 
of  this  historic  partnership. 

Thank  you,  sir. 

[The  prepared  statement  of  Dr.  Good  follows:] 
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Mr.  Chairman  2md  members  of  the  subcommittee,  thank  you  for  giving  me  the  opportunity  to  review  the 
status  of  the  Partnership  for  a  New  Generation  of  Vehicles,  or  PNGV. 

For  several  years  the  Nation's  leadership  has  engaged  in  a  debate  about  the  appropriate  role  of  the  Federal 
government  in  fostering  technological  innovation.  Some  advocate  a  hands-off  approach,  with  a  singular 
faith  in  unfettered  markets.  Others  believe  that  today's  highly  competitive  environment  requires  new 
forms  of  cooperation  to  ensure  our  Nation's  leadership  role  in  the  global  economy  and  high  quality,  high- 
wage  jobs  for  American  workers. 

While  clearly  the  private  sector  has  primary  responsibility  for  competitiveness,  the  Administration  believes 
that  the  government  can  play  an  impwrtant  role  in  fostering  innovation.  This  is  especially  true  in  areas  in 
which  the  achievement  of  technological  objectives  can  bring  widespread  national  social  and  economic 
benefits.  I  believe  those  conunitted  to  the  continued  leadership  position  of  the  United  States  will  find  that 
the  Partnership  for  a  New  Generation  of  Vehicles  offers  benefits  to  the  Nation  that  far  exceed  the  relatively 
small  Federal  effort. 

Why  should  the  Federal  government  fund  PNGV  research? 

Some  have  questioned  why  the  Federal  government  should  partner  with  American  automobile 
manufacturers,  especially  at  a  time  when  the  government  is  tightening  its  budget  belt. 

I  would  like  to  address  that  issue  directly.  There  are  four  fundamental  reasons  why  the  Federal 
government  must  participate  in  this  strategic  partnership. 

•  The  Federal  government  has  unique  assets  to  bring  to  bear  on  the  technological  challenges; 

•  PNGV  offers  high  social  returns  to  the  nation; 

•  PNGV  offers  high  economic  benefits  to  the  nation;  and 

•  The  absence  of  Federal  support  for  PNGV  could  result  in  these  benefits  flowing  to  other  nations  as 
their  firms — with  the  financial  and  technical  assistance  of  their  governments — reach  the  market  first 
with  PNGV-like  vehicles. 

Let  me  provide  some  examples: 

First,  a  successful  PNGV  program  will  help  us  to  meet  important  social  goals  for  which  government  is 
responsible.  As  Mr.  Skip  Johns  mentioned  in  his  testimony,  PNGV  will  reduce  the  amount  of  pollutants 
currently  emitted  by  motor  vehicles,  and  will  ameliorate  the  environmental  impact  of  tens  of  millions  of 
new  vehicles  that  will  take  to  the  roads  in  emerging  industrial  nations  in  the  coming  decades. 

Second,  PNGV  will  help  us  husband  our  planet's  petroleum  resources  through  increased  fuel  efficiency, 
ensuring  that  these  resources  will  be  available  to  future  generations  of  Americans. 

Third,  by  improving  the  fuel  efficiency  of  automobiles,  PNGV  will  help  to  offset  the  upward  pressure  on 
oil  prices  that  will  result  from  increased  demand  for  petroleum  products  from  the  emerging  industrial 
nations. 

Fourth,  improvements  in  fuel  efficiency  brought  about  by  PNGV  will  reduce  the  amount  of  oil  the  United 
States  must  use  which,  among  other  benefits,  will  improve  our  balance  of  trade. 

Fifth,  the  Federal  government  has  scientific  and  technological  assets  that  are  unique  in  the  world  that 
would  be  economically  infeasible,  and  in  some  cases  simply  impossible,  for  the  private  sector  to  replicate. 
Even  if  it  were  economically  feasible  and  technically  possible,  these  assets  could  not  be  replicated  quickly 
enough  to  meet  industry's  time-based  competitive  requirements.  The  Federal  role  in  PNGV  allows  U.S. 
auto  manufacturers  to  avail  themselves  of  these  resources. 
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Sixth,  the  Partnership  for  a  New  Generation  of  Vehicles  involves  the  development  and  application  of  many 
technologies  that  are  characterized  by  high  cost  and  high  risk  with  delayed  returns  on  investment.  These 
characteristics  make  such  research  an  unattractive  investment  for  companies  facing  intense  global 
competition,  more  immediate  business  concerns,  and  stockholder  demands  for  short  term  performance. 
PNGV  helps  to  reduce  costs  and  risks  in  three  ways. 

1.  First,  PNGV — and  industry-government  partnerships  in  general — serves  as  a  catalyst  to  bring 
together  individual  companies  with  common  technology.  By  working  together,  these  firms  can 
share  costs  and  risks  of  developing  the  required  enabling  technologies. 

2.  Second,  by  engaging  in  cooperative  research  and  development  agreements  with  Federal 
agencies,  U.S.  companies  can  tap  the  unparalleled  technical  resources  of  America's  national 
laboratories — human  and  infrastructure — to  overcome  technological  uncertainties. 

3.  And  finally,  through  programs  such  as  the  Advanced  Technology  Program,  the  Federal 
government  can  reduce  industry's  technological  risk — through  technical  and  business 
evaluations —  and  reduce  costs  by  entering  into  cost-sharing  arrangements  on  proposals  that 
offer  broad-based  economic  benefits  with  high  rates  of  social  returns  to  the  nation. 

Seventh,  the  United  States  will  reap  substantial  economic  benefits  from  a  successful  PNGV  program  that 
enables  American  car  makers  to  be  first  to  the  market.  PNGV  has  the  potential  to  boost  the  Nation's 
economic  growth  by  strengthening  one  of  America's  most  important  industries.  The  motor  vehicles  and 
equipment  industry  is  the  largest  of  all  U.S.  manufacturing  sectors.  U.S.  automakers,  their  dealers,  and 
suppliers  directly  provide  2.3  million  jobs,  and  more  than  13  million  people  work  in  related  industries.  In 
totaJ,  the  U.S.  auto  industry  provides  1  in  every  7  American  jobs  and  accounts  for  4.5  percent  of  GDP. 
Through  a  successful  PNGV,  we  will  be  able  to  protect  these  high-wage  jobs  and  create  new  ones  as  U.S. 
auto  manufacturers  tap  new  markets  throughout  the  world.  In  the  absence  of  a  successful  PNGV 
program,  these  benefits  will  accrue  to  other  nations. 

In  summary,  let  me  be  direct — PNGV  is  not  corporate  welfare.  Nor  is  it  unfair  support  of  America's  Big  3 
automakers.  The  purpose  of  PNGV  is  to  develop  the  technological  base  from  which  the  automotive 
industry — OEMs  and  suppliers  alike — can  draw  to  develop  the  next  generation  of  vehicles.  If  this  effort  is 
successful — and  there  is  every  indication  that  it  will  be,  provided  that  the  Federal  government  sustains  its 
role  in  the  partnership — it  will  provide  a  model  for  similar  collaborations  between  industry  and 
government. 

Let  me  also  note  that  there  is  not  a  great  deal  of  "new  money"  in  the  program.  Most  of  the  programs  that 
comprise  this  initiative  were  in  existence  prior  to  the  establishment  of  PNGV.  We  have  made  every  effort 
to  build  on  existing  government  and  industry  initiatives  to  fully  exploit  mechanisms  already  in  place  and  to 
make  more  effective  use  of  our  resources.  For  example,  government  efforts  include  the  work  of  the 
materials  technology  and  manufacturing  infrastructure  subcommittees  that  operate  underthe  Committee  on 
Civilian  Industrial  Technology  of  the  National  Science  and  Technology  Council.  PNGV  has  helped  focus 
these  research  efforts  to  achieve  goal  number  three — a  class  of  vehicles>with  three-fold  energy  efficiency. 

With  so  much  at  stake,  let  me  turn  to  the  real  progress  that  the  government  and  the  automakers  have  made 
in  the  year  and  a  half  since  PNGV  came  toge^er. 

Accomplishments 

Let  me  begin  by  mentioning  our  new  report,  PNGV  Technical  Accomplishments,  which  highlights  the 
many  accomplishments  of  PNGV  to  date.  Incidentally,  a  copy  of  this  publication  was  recently  sent  to  each 
committee  member.  Thomas  Gross,  Deputy  Assistant  Secretary  of  Energy  for  Transportation 
Technologies,  will  discuss  some  of  these  successes  in  his  testimony,  as  will  the  companies' 
representatives. 
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PNGV  Management  Structure 

Great  care  and  effort  have  been  invested  in  the  uf)-front  planning  of  the  organization  and  operation  that  will 
guide  this  research  program  throughout  its  duration.  We  have  collaborated  on  a  program  plan  and  are 
establishing  a  World  Wide  Web  site  for  PNGV  where  source  documents,  contact  points,  and  the  like  are 
easily  accessible. 

We  have  established  a  management  structure  to  oversee  the  development  of  the  technologies  needed  to 
attain  our  gojils.  Under  this  structure,  government  and  industry  work  together  in  an  operational  steering 
group  responsible  for  policy  and  decision  making.  In  my  capacity  as  Under  Secretary  of  Commerce  for 
Technology,  I  chair  the  government's  team  which  includes  R&D  officials  from  the  participating  seven 
Federal  agencies.  Industry's  steering  team  consists  of  the  Big  3's  Vice  Presidents  for  RD&T.  Both 
partners  maintain  their  own  technical,  legal,  legislative,  and  public  affairs  teams.  Additionally,  the 
Commerce  Department  maintains  a  PNGV  Secretariat 

This  is  a  virtual  organization  in  the  sense  that  we  have  utilized  or  subsumed  activities  that  were  in  existence 
at  the  time  PNGV  was  formed.  The  United  States  Council  for  Automotive  Research  (USCAR),  which 
was  formed  in  1992,  prior  to  the  establishment  of  PNGV,  represents  the  Big  3  U.S.  automakers  in  this 
initiative.  There  are  now  ten  technical  working  teams  and  an  additional  six  consortia  or  boards  supporting 
PNGV,  each  with  government  laboratory  technologists  and  industry  engineers.  This  technical  activity  is 
managed  by  the  PNGV  Technical  Executive  Committee.  Director-level  people  from  Commerce  and 
Energy  serve  on  this  committee  with  their  counterparts  from  the  OEMs.  It  is  anticipated  that  this 
governance  structure  may  establish  the  model  for  future  multi-agency,  government-industry  ventures. 

PNGV   Progress 

Early  in  the  program,  the  auto  industry  identified  fourteen  principal  technical  areas  necessary  for  achieving 
PNGV  goals.  To  achieve  a  vehicle  with  three-fold  fuel-efficiency — PNGV's  goal  three — five  areas  were 
identified  as  top  priorities  and  technical  roadmaps  were  then  developed  for  each  of  these  areas.  Our 
industry  partners  will  address  these  priorities  and  roadmaps  in  greater  detail. 

We  also  held  collaborative  workshops  at  USCAR  in  which  the  automakers  and  suppliers  prepared  detailed 
technical  pathways,  including  milestones  and  metrics. 

In  the  beginning,  our  first  efforts  were  designed  to  identify  what  relevant  programs  were  being  carried  out 
in  the  Federal  government.  We  conducted  an  assessment  of  grant  and  contract  programs,  as  well  as 
Federal  mission  research.  However,  our  most  useful  mechanism  for  informing  our  industry  partners  of 
the  technology  resources  available  in  the  government  has  been  government  laboratory  visits.  So  far  there 
have  been  20  such  meetings.  — 

In  efforts  to  achieve  maximum  efficiency,  agencies  have  special  management  assignments  based  on  their 
programs,  missions,  and  core  competencies: 

•  Policy  direction  is  provided  by  the  Office  of  the  Vice  President. 

•  Commerce  is  responsible  for  overall  interagency  coordination. 

•  Energy  is  responsible  for  managing  the  definition  of  the  overall  architecture  of  the  vehicle 
systems. 

•  The  National  Research  Council  conducts  a  peer  review  process  for  independent  confirmation  of 
our  priorities  and  resource  commitments. 

We  are  creating  multiple  idea  paths  to  bring  other  players  into  the  process,  stimulate  fresh  ideas,  and 
encourage  new  collaborative  arrangements— drawing  the  best  minds  in  industry,  government,  and 
academia  into  this  effort.  We  have  published  a  booklet  called  "Inventions  Needed  for  PNGV"  to 
encourage  the  participation  of  suppliers,  small  businesses,  and  entrepreneurs  in  PNGV.  This  publication 
pinpoints  areas  that  need  major  improvements  or  innovations  to  ensure  the  technical  goals  of  the  program 
are  met. 
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Programmatically,  participation  can  be  channeled  through  a  number  of  existing  government  programs 
which  can  provide  support  for  PNGV  technologies — including  the  Advanced  Technology  Program,  the 
Small  Business  Innovative  Research  Program,  CRADAs  with  the  labs,  contracts  with  mission  agencies, 
and  the  DOC!/DOE  Energy-Related  Inventions  Program.  We  have  technology  transfer  mechanisms  in 
place,  such  as  cooperative  research  and  development  agreements  (CRADAs),  as  well  as  provisions  to 
protect  intellectual  property. 

Next  Steps 

What  remains  to  be  done?  First,  let  me  say  that  we  are  on  schedule.  The  PNGV  team  has  developed  a 
broad  timetable  for  achieving  its  long-term  goal  of  three-times  improvement  in  fiiel  efficiency.  We  have 
had  considerable  success,  most  of  which  wjll  be  addressed  by  our  industry  partners  later  in  this  hearing. 
Our  next  important  milestone  is  the  selection  of  critical  path  technologies.  This  is  scheduled  to  be 
completed  by  December  1997.  By  that  time  we  expect  industry  will  have  identified  the  most  promising  of 
the  advanced  technologies  for  meeting  PNGV's  goal  number  three. 

At  this  point  no  technology  has  met  every  objective,  nor  has  any  proven  to  be  categorically  untenable. 
Room  temperature  superconductors,  risk-free  flywheels,  and  efficient  hydrogen  storage  devices  are  not  yet 
in  hand.  The  auto  companies  are  narrowing  their  own  foci  based  on  their  experience  and  judgment,  but  no 
technology  will  be  eliminated  from  contention  until  we  reach  that  point  on  our  timeline. 

As  we  approach  the  end  of  the  decade,  these  technologies  are  expected  to  be  applied  to  the  concept 
vehicles.  Production  prototypes  will  then  be  developed  during  the  period  2002-2004. 

In  fulfilling  its  PNGV  role,  the  National  Research  Council  recently,  published  its  second  peer  review.  The 
review  included  recommendations  in  areas  such  as  program  management,  funding  and  support, 
technology  strategy,  supplier  and  university  involvement,  and  foreign  technology.  We  were  pleased  by 
the  general  tone  of  the  findings,  especially  the  Committee's  confirmation  of  our  overall  program  strategy 
and  the  scope  of  our  technical  work.  In  particular,  we  were  reassured  by  their  belief  that  the  technologies 
being  pursued  are  relevant  and  appropriate  to  the  Partnership's  objectives.  The  Committee's  recognition 
that  our  technical  teams  are  organized  effectively  and  are  working  well  was  also  gratifying.  We  certainly 
agree  that  PNGV  has  a  significant  challenge  to  meet  in  a  relatively  short  time  frame.  Our  goals  were 
purposely  set  high  to  accelerate  the  advance  of  automotive  technology. 

The  NRC  report  contained  a  number  of  important  findings  and  recommendations.  The  Partnership  has 
studied  these  carefully  and  believe  that  the  rejxjrt  provides  helpful  perspectives.  Our  intent  is  to  respond  to 
the  major  recommendations  and  enter  into  a  more  detailed  dialogue  during  their  next  review. 

Challenges  Ahead  — 

Looking  to  the  future,  I  want  to- emphasize  that  development  of  the  triple«fficiency  car  is  only  half  the 
solution.  We  don't  want  to  participate  in  a  technical  success  which  becomes  a  market  failure. 

For  the  next  generation  vehicle  to  be  profitable  and  create  economies  of  scale,  the  automakers  will  have  to 
be  able  to  sell  many  cars  to  the  public.  Yet,  it  is  clear  that  volume  sales  will  not  occur  unless  consumers 
are  confident  that  the  routine  automotive  support  services  they  take  for  grsmted  today  will  be  in  place  for 
whatever  might  replace  or  supplement  the  internal  combustion  engine. 

While  our  focus  is  curtently  on  the  development  of  multiple  technology  pathways  that  will  lead  to  the  triple 
efficiency  vehicle,  as  time  goes  by  and  technology  choices  are  made,  we  will  have  to  consider  how  to 
facilitate  the  development  of  a  supporting  infrastructure. 
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Conclusion 

In  closing,  let  me  emphasize  that  PNGV  is  a  unique  and  historic  program.  This  initiative  exemplifies  the 
Clinton  Administration's  basic  approach  to  technology  and  innovation — bold  vision,  concrete  goals,  and  a 
strong  partnership  with  industry.  Government  is  working  with  industry  to  develop  the  required 
technologies,  and  industry  will  make  the  choices  necessary  to  achieve  a  new  generation  vehicle  that  is 
embraced  by  the  marketplace  and  achieves  the  Nation's  social  and  economic  objectives. 

In  the  race  for  the  future,  the  Federal  government  is  serving  as  the  pit  crew  for  America's  car  makers. 
Industry  is  in  the  driver's  seat,  and  the  Federal  government  is  providing  pre-competitive  technical  support 
and  infrastructure  development.  Only  by  working  together  can  we  ensure  that  the  United  States  crosses 
the  finish  line  ahead  of  our  foreign  competitors  and  takes  the  checkered  flag  in  the  global  race  to  bring  the 
next  generation  of  fuel  efficient  vehicles  to  the  world.  If  we  take  the  flag,  American  workers  will  join 
Uncle  Sam  and  the  Big  Three  in  the  winner's  circle  as  the  market  rewards  the  victors  with  high-wage  jobs, 
economic  growth,  and  wealth  creation. 

Thank  you. 
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Response   to 
Questioas  for  Panel  1:  Representatives  of  the  Federal  Government 


Answer  to  question  6.  Systems  analysis  is  one  of  the  important  approaches  to  model  vehicle  and 
subsystems  decision  making.  Each  company  has  its  own  systems  modeling  team  to  guide  technology 
decisions.  In  addition,  there  is  an  independent,  effective  analysis  underway  funded  by  the  government. 
This  analysis  allows  for  the  integration  of  the  systems  as  a  whole  without  having  to  overcome  proprietary 
issues  of  each  company.  There  is  an  effective  analysis  underway;  government  is  committed  to  funding 
this  effort  on  an  ongoing  basis.  We  are  holding  to  our  schedule  and  we  have  not  changed  our  technical 
goals. 

The  industry  has  always  recognized  the  essential  role  of  systems  analysis  in  achieving  vehicle  and 
component  development  objectives  as  evidenced  by  a  considerable  and  growing  dedication  of  resources  to 
modeling  and  computer  analysis  of  vehicle  designs.  Discussions  with  the  Federal  agencies  involved  in  the 
systems  analysis  effort  have  reaffirmed  that  PNGV  systems  analysis  will  remain  a  priority.  All  of  our 
plans  described  in  the  Technical  Roadmaps  reflect  its  importance. 

The  OEMs  have  sophisticated  proprietary  modeling  tools  which  have  been  used  in  support  of  the  Hybrid 
Electric  Vehicle  development  programs.  Since  the  last  Peer  Review,  the  PNGV  systems  analysis  activity 
has  made  substantial  progress  in  developing  a  joint  cross-calibrated  vehicle  modeling  tool  for  trade  studies. 
Existing  component  models  have  been  acquired  from  the  Federal  labs  and  industry  and,  where  needed, 
component  models  have  been  created  or  modified  using  the  OEM's  proprietary  modeling  capabiUties. 
Verification  of  vehicle  models  is  planned  for  this  Summer,  with  initial  trade  studies  scheduled  for  this  Fall. 

At  this  point  the  overall  system  analysis  performance  modal  is  complete  and  individual  component  models 
have  been  validated.  An  "application  prototype"  modeling  tool  will  be  available  in  August  that  will  provide 
functional  software  for  advanced  vehicle  performance  evaluations.  All  the  models  required  for  a  systems 
analysis  are  developed  and  verified.  Additional  tool  enhancement  and  productionization  are  underway  and 
will  be  developed  by  the  end  of  the  year.  This  includes  sophisticated  optimization  techniques  and  more 
detailed  body  and  chassis  components.  The  goal  of  the  system  analysis  effort  is  the  development  of  a 
modeling  tool  that  can  be  used  to  evaluated  the  vehicle  performance  of  a  wide  range  of  system  design 
options. 
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Mr.  Ehlers.  Thank  you  for  your  testimony. 

Perhaps  you  could  clarify  for  me  just  quickly.  You  chair  the 
PNGV  Government  Technical  Committee. 

Mr.  Cpiapman.  Yes,  sir. 

Mr.  Ehlers.  Later  we  have  the  Chair  of  the  PNGV  Standing 
Committee.  -• 

Mr.  Chapman.  The  Standing  Committee  of  the  NRC. 

Mr.  Ehlers.  Of  the  NRC,  okay.  I'm  just  trying  to  get  in  my  mind 
who  is  really  running  the  show  here.  What  role  does  your  commit- 
tee play  versus  the  Standing  Committee,  and  are  there  other  gov- 
erning committees  here  that  I'm  not  aware  of? 

Mr.  Chapman.  Well  I  think  it's  easier  to  clarify  NRC  in  the  sense 
that  the  National  Research  Council  is  chartered  by  Congress  to 
give  advice  to  the  government  upon  request,  and  the  declaration  of 
intent. for  the  PNGV  at  its  origin  stipulated  that  would  be  a  peer 
review  process  conducted  by  the  National  Academy  of  Sciences  of 
which  the  NRC  is  the  operating  arm  for. 

So  they  have  sat  in  review,  in  a  sense,  an  annual  Board  of  Direc- 
tors techiiical  review  of  the  program.  They  meet  once  a  year  rough- 
ly and  have  issued  two  reports.  They're  about  to  meet  again  in 
early  September,  and  that's  their  function,  the  overall  technical  re- 
view of  the  program. 

Within  the  government,  as  I  mentioned,  there  are  seven  federal 
agencies  participating,  and  each  of  those  agencies,  through  their 
laboratories  in  support  of  research,  are  participating  in  the  pro- 
gram. So  basically  my  job  is  to  coordinate  that  activity  within  the 
government  and  deal  with  members  from  the  USCAR  whom  you'll 
hear  from  in  the  next  testimony. 

Mr.  Ehlers.  Thank  you  for  clarifying  that. 

I  would  also  like  to  acknowledge  the  appearance  of  Congressman 
Tim  Roemer  from  Indiana,  Ranking  Member  of  this  Committee. 

Do  you  have  an  opening  statement  you  wish  to  make? 

Mr.  Roemer.  Mr.  Chairman,  I  do  have  an  opening  statement,  but 
since  I  am  late  I  would  ask  unanimous  consent  to  enter  it  into  the 
record  as  if  read. 

Mr.  Ehlers.  Without  objection,  so  ordered.  Thank  you.  We're 
happy  you  were  able  to  make  it. 

Next  is  Dr.  Bordogna  from  the  National  Science  Foundation. 

STATEMENT  OF  DR.  JOSEPH  BORDOGNA,  ASSISTANT  DIREC- 
TOR FOR  ENGINEERING,  NATIONAL  SCIENCE  FOUNDATION 

Dr.  Bordogna.  Thank  you,  Mr.  Chairman.  I'm  pleased  to  be  here 
today,  and  I  would  like  to  describe  both  the  nature  of  NSF's  invest- 
ment in  this  effort  and  also  its  participation. 

As  you  know  from  your  experience,  the  National  Science  Founda- 
tion promotes  the  progress  of  science  and  engineering  generally 
rather  than  focusing  on  a  specific  mission  involving  a  narrowly  de- 
fined science  or  technology  area.  Research  and  education  concepts 
proposed  to  NSF  are  initiated  by  investigators  and  involve  all 
science  and  engineering  disciplines  of  scholarship  and  all  levels  of 
education  and  human  resource  development.  This  breadth  of  cov- 
erage gives  NSF  both  the  ability  and  the  responsibility  to  foster  dif- 
ferent types  of  linkages,  synergies  and  connections  that  are  essen- 
tial to  enabling  the  nation's  capacity  to  perform. 
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NSF  guides  its  investments  and  fundamental  research  and  edu- 
cation through  four  core  strategies: 

— Develop  intellectual  capital; 

— Strengthen  the  physical  infrastructure  that  enables  the  capital 
to  work; 

— Integrate  research  and  education;  and 

— Promoting  partnerships  of  all  kinds. 

Within  this  context  NSF's  investments  support  a  wide  array  of 
fundamental  research  and  education  projects  at  universities.  Many 
of  these  projects  have  led  directly  and  indirectly  to  advances  in 
automotive  technology.  Consistent  with  its  mission,  NSF  does  not 
issue  requests  for  proposals  explicitly  focusing  on  PNGV  and  does 
not  define  a  budget  category  around  PNGV. 

However,  university  researchers  are  often  excited  by  research  di- 
rections that  could  yield  important  breakthroughs  in  technological 
areas  on  which  U.S.  industry  depends  that  are  identified  as  na- 
tional needs.  When  they  submit  proposals  to  NSF,  their  proposed 
work  often  concerns  issues  that  PNGV  has  also  identified  as  being 
of  interest.  Thus  there  is  significant  NSF  investment  in  areas  that 
advance  the  PNGV  research  agenda  originated  both  by  researchers 
well  conversant  with  the  PNGV  efforts  through  NSF's  supported 
workshops  on  PNGV,  which  I'll  list  in  a  moment,  and  also  by  those 
research  investigators  unaware  that  their  work  fits  PNGVs  defined 
categories. 

The  current  portfolio  of  NSF-funded  projects  includes  many  that 
may  influence  the  design,  manufacture  and  use  of  future  auto- 
mobiles. In  a  careful  study  of  this  portfolio,  NSF  program  directors 
have  estimated  that  approximately  $54  million  of  NSF  support  in 
fiscal  '95  was  for  projects  with  the  potential  to  improve  the  future 
design,  production,  use,  disposal  and  recycling  of  automobiles,  their 
accessories  or  components. 

We  are  continually  working  with  the  other  PNGV  agencies  and 
with  the  0MB  to  refine  these  estimates  of  NSF  funding  that  are 
directly  or  indirectly  relevant  to  PNGV.  Most  of  these  projects  are 
integrated  research  and  education  awards  involving  individual  uni- 
versity researchers  or  small  groups  of  faculty  along  with  graduate 
and  undergraduate  students.  But  the  inventory  also  includes  a 
number  of  SBIR  projects,  small  business  innovation  projects,  the 
university/industry  collaborative  projects  and  some  of  our  centers. 

All  these  individual  projects  were  initiated  by  the  investigator, 
reviewed  by  experts  who  assessed  their  quality,  novelty  and  poten- 
tial significance  and  awarded  solely  on  the  basis  of  overall  merit. 
While  the  work  itself  aims  to  create  new  knowledge  fundamental 
to  many  application  areas,  the  connection  between  this  long-term 
fundamental  search  for  new  knowledge  and  its  ultimate  impact  on 
industry  is  exemplified  in  my  written  testimony  with  an  example. 

Mr.  Chairman,  the  Science  Committee  has  been  a  strong  advo- 
cate for  better  cooperation  and  collaboration  between  private  indus- 
try and  the  academic  community.  NSF  shares  this  goal  generally 
and  believes  that  research  in  the  area  of  automotive  technology  is 
a  natural  avenue  to  foster  such  cooperation. 

As  a  result,  NSF  staff  are  interacting  with  representatives  of 
Chrysler,  Ford  and  General  Motors  and  other  manufacturing  com- 
panies to  explain  the  merit  review  process,  expose  the  university 
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research  community  to  PNGV  related  technical  issues,  broker 
matches  between  industry  experts  and  university  researchers  and 
encourage  the  participation  of  manufacturing  industry  experts  in 
the  review  of  research  proposals  to  NSF. 

An  NSF/DOE  conference  on  basic  research  needs  for  vehicles  of 
the  future  was  held  in  January  of  '95  in  partnership  with  major 
U.S.  automobile  manufacturers  and  their  suppliers.  188  partici- 
pants from  34  different  universities,  18  government  agencies  and 
24  different  companies  in  the  automotive  industry  worked  together 
for  three  days  to  define  the  key  research  problems  critical  to  long- 
term  research  areas  defined  by  the  research  staffs  of  Chrysler, 
Ford  and  GM. 

A  follow-on  conference  in  January  of  '96  on  basic  research  needs 
for  environmentally  responsive  technologies  of  the  future  identified 
industry  specific  basic  research  opportunities  in  five  industries,  one 
of  which  was  the  automotive  industry. 

And  there  is  a  third  conference  being  planned  for  late  1996  or 
early  '97  to  focus  on  long-term  engineering  research  issues  relevant 
to  PNGV. 

The  dialogue  between  the  automotive  industry  and  university  re- 
searchers has  already  had  positive  effects.  For  example,  and  I'm 
very  excited  about  this,  last  month  NSF  announced  a  new  award 
for  an  Engineering  Research  Center  at  the  University  of  Michigan 
which  can  be  considered  an  investment  in  PNGV  research  goals. 
This  center  was  one  of  four  new  Engineering  Research  Centers  this 
year  selected  in  competitive  merit  review  from  among  more  than 
100  candidates. 

It  brings  Chrysler,  Ford,  GM,  Caterpillar,  General  D3niamics, 
Boeing,  United  Technologies  and  24  of  their  technology  suppliers 
together  with  a  team  of  university  faculty  and  students  to  develop 
a  new  generation  of  low-cost  machine  systems  that  can  be  easily 
reconfigured  to  increase  the  flexibility  of  automotive,  heavy  vehicle 
and  aircraft  production. 

NSF  also  supports  a  Materials  Research  Science  and  Engineering 
Center  at  Michigan  State,  a  partnership  between  Michigan  State, 
Chrysler,  Ford  and  GM,  established  by  NSF  in  1994  to  provide  a 
focal  point  for  fundamental  research  on  materials  and  devices  with 
high  potential  for  application  in  vehicular  sensing  systems.  There 
are  11  NSF-supported  Industry/University  Cooperative  Research 
Centers  with  membership  by  the  major  auto  companies. 

It's  important  to  emphasize  that  all  of  these  NSF  projects  were 
awarded  through  a  competitive  merit  review  process  in  which  there 
was  no  targeting  of  technology  areas  by  NSF.  Nevertheless,  the 
range  of  technical  topics  covered  among  the  proposed  NSF  receives 
correlate  well  with  the  PNGV  emphasis  areas.  Leadership  from  the 
Federal  Government  in  partnership  with  industry  is  having  an  im- 
pact on  how  the  long-term  research  needs  of  U.S.  industry  are 
made  known  to  the  academic  community,  and  this  in  turn  influ- 
ences how  academic  researchers  plan  their  own  individually  con- 
ceived research  and  education  goals. 

Thank  you. 

[The  prepared  statement  of  Dr.  Bordogna  follows:] 
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Hearing  on  the  Partnership  for  New  Generation  of  Vehicles  Program 

Subcommittee  on  Energy  and  Environment 

Committee  on  Science 

U.S.  House  of  Representatives 

July  30,  1996 

Statement  of  Dr.  Joseph  Bordogna 

Assistant  Director  for  Engineering 

National  Science  Foundation 

Mr.  Chairman  and  members  of  the  Subcommittee,  I  am  very  pleased  to  be  here  today  to 
discuss  the  National  Science  Foimdation's  role  in  the  Partnership  for  a  New  Generation  of 
Vehicles  (PNGV).  I  would  like  to  present  a  brief  explanation  of  the  nature  of  NSF's  investment 
and  participation  in  this  effort. 

The  National  Science  Foimdation  promotes  the  progress  of  science  and  engineering 
generally,  rather  than  focusing  on  a  specific  mission  involving  a  narrowly  defmed  science  or 
technology  area.  Research  and  education  concepts  proposed  to  NSF  are  initiated  by  the 
investigators  and  involve  all  science  and  engineering  disciplines  of  scholarship  and  all  levels  of 
education  and  human  resource  development.  This  breadth  of  coverage  gives  NSF  both  the  ability 
and  the  responsibility  to  foster  the  different  types  of  linkages,  synergies  and  coimections  that  are 
essential  to  enabling  the  Nation's  capacity  to  perform. 

NSF  has  identified  four  core  strategies  that  are  designed  to  guide  its  investments  in 
fundamental  research  and  education: 

•  Develop  Intellectual  Capital  ~  invest  in  the  best  ideas  and  the  most  capable  people  to 
carry  them  out,  including  groups  and  regions  that  traditionally  have  been 
imderrepresented  in  science  and  engineering,  and  contribute  to  developing  the  capacity  for 
scientific  and  engineering  excellence  among  all  members  of  our  society 

•  Strengthen  the  Physical  Infrastructure  ~  improve  the  physical  resources  and  information 
technologies  available  to  pursue  creative,  innovative  ideas  and  to  create  an  environment  in 
which  effective  progress  is  possible 

•  Integrate  Research  and  Education  —  support  fundamental  research  in  an  education-rich 
environment  and  infiise  education  with  experiences  in  discovery  and  exploration  through 
directed  inquiry,  careful  observation  and  analytic  thinking  at  all  levels 

•  Promote  Partnerships  —  collaborate  with  the  academic  conmiimity,  industry,  elementary 
and  secondary  schools,  other  Federal  agencies,  state  and  local  governments  and  other 
institutions  involved  in  science  and  engineering 

Through  its  ongoing  programs,  NSF  has  supported  a  wide  array  of  fiindamental  research 
and  education  projects  at  U.  S.  imiversities.  Many  of  these  projects  have  led,  directly  and 
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indirectly,  to  advances  in  automotive  technology.  Consistent  with  its  mission,  NSF  does  not 
issue  requests  for  proposals  explicitly  focusing  on  PNGV  and  does  not  defme  a  budget  category 
around  PNGV.  However,  university  researchers  are  often  excited  by  research  directions  that 
could  yield  important  breakthroughs  in  technological  areas  on  which  U.S.  industry  depends  and 
that  are  identified  as  national  needs.  When  they  submit  proposals  to  NSF,  their  proposed  work 
often  concerns  issues  that  PNGV  has  also  identified  as  being  of  interest.  Thus  there  is  significant 
NSF  investment  in  areas  that  either  directly  or  indirectly  advance  the  PNGV  research  agenda, 
originated  both  by  researchers  well  conversant  with  the  PNGV  efforts  through  NSF-supported 
PNGV-related  workshops  and  also  by  those  research  investigators  unaware  that  their  work  fits 
PNGV's  defined  categories,  or  even  that  this  interagency  effort  exists. 

Since  a  major  criterion  for  funding  by  NSF  is  the  potential  for  the  discovery  of  new 
knowledge,  it  is  difficult  to  predict  at  the  proposal  stage  which  specific  projects  will  result  in  the 
critical  understanding  needed  to  make  a  particular  technology  feasible.  However,  exf)erience  has 
shown  that  if  we  select  the  most  promising  research  ideas  across  a  broad  spectrum  of  engineering 
and  science  disciplines,  many  of  the  research  results  will  be  usefiil  to  industry,  including  the 
automotive  industry.  Indeed,  the  current  portfolio  of  NSF-fiinded  projects  includes  many  that 
may  influence  the  design,  manufacture  and  use  of  ftiture  automobiles.  In  a  careful  study  of  NSF's 
investment  portfolio,  NSF  program  directors  have  estimated  that  approximately  $54  million  of 
NSF  support  in  FY  1995  was  for  projects  with  the  potential  to  improve  the  future  design, 
production,  use,  disposal  and  recycling  of  automobiles,  their  accessories  or  components.  We  are 
continually  working  with  the  other  PNGV  agencies  and  with  the  Office  of  Management  and 
Budget  (0MB)  to  refine  these  estimates  of  NSF  f\inding  that  is  directly  or  indirectly  relevant  to 
PNGV.  Most  of  these  projects  are  integrated  research  and  education  awards  involving  individual 
university  researchers  or  small  groups  of  faculty  along  with  graduate  and  undergraduate  students, 
but  the  inventory  also  includes  a  number  of  small  business  innovation  research  (SBIR)  projects, 
university-industry  collaborative  projects  and  centers. 

NSF  proposals  are  initiated  by  the  investigator,  reviewed  by  experts  who  can  assess  their 
quality,  novelty  and  potential  significance  and  awarded  on  the  basis  of  overall  merit.  While  the 
work  itself  aims  to  create  new  knowledge  fiindamental  to  many  application  areas,  the  researcher 
is  often  aware  of  a  potential  long-range  goal. 

The  connection  between  a  long-term,  fundamental  search  for  new  knowledge  and  its 
ultimate  impact  on  industry  is  exemplified  by  the  search  for  new,  more  efficient  ways  to 
manufacture  metal  and  thermoplastic  composite  joints  —  critical  for  many  components  in  an 
automobile  —  without  the  need  for  a  bonding  agent  or  epoxy  to  hold  the  parts  together.  To 
achieve  this  goal,  certain  very  fimdamental  questions  about  the  microscopic  surface 
characteristics  of  metals  and  thermoplastics  must  first  be  answered. 
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Currently,  many  of  the  manufactured  components  within  an  automobile  contain  metal  and 
thermoplastic  molded  pjirts  whose  surfaces  must  be  tightly  bonded  together.  TTiese  component 
parts  are  now  molded  separately  and  then  attached  with  epoxy.  An  NSF-supported  researcher  at 
Purdue  University,  Professor  Karthik  Ramani,  and  his  students  have  been  studying  the 
microscopic  surface  characteristics  of  several  commonly  used  metals  and  thermoplastics.  Tliey 
have  discovered  that  under  certain  thermal  and  pressure  conditions  these  different  material 
surfaces  can  be  made  to  bond  well  without  ejwxy.  Their  NSF-supported  work  will  determine  the 
fundamental  mechanical  and  chemical  properties  of  the  oxidized  siufaces  of  these  metals  and  the 
detailed  polymer  chemistry  of  the  thermoplastics.  Using  this  knowledge  along  with 
sophisticated  numerical  modeling  and  multimedia  simulation  of  the  bonding  process,  these 
researchers  may  be  able  to  suggest  possible  surface  treatments  for  the  two  kinds  of  materials,  as 
well  as  modified  hot-melt  and  compression  molding  processes  for  manufacturing  these 
components,  that  could  be  used  to  achieve  maximum  strength  for  the  metal-thermoplastic  bond. 

The  outcome  of  this  fijndamental  research  may  be  critical  to  how  private  industry  will 
manufacture  the  next  generation  of  automobiles.  If  the  Purdue  research  team  determines  that  the 
epoxy  step  could  in  fact  be  eliminated,  this  would  decrease  the  overall  cost  and  time  required  to 
manufacture  any  components  with  metal-thermoplastic  composite  joints,  and  could  also  make 
these  components  operate  more  reliably  in  automobiles  and  other  systems.  Of  course,  in 
addition  to  advancing  PNGV  needs,  results  from  this  research  could  also  contribute  to  improving 
certain  classes  of  biomedical  implant  devices,  suspension  linkages,  airframe  structures  and  metal 
bearing  sleeves.  Finally,  an  integral  part  of  NSF  support  for  this  project  is  bringing  the 
generalized  concepts,  knowledge  and  research  techniques  to  the  classroom  and  teaching 
laboratory  in  a  new  compnasites  processing,  design  and  manufacturing  course  sequence  that  will 
be  offered  to  both  graduate  and  undergraduate  students,  preparing  them  to  compete  well  in  the 
global  job  market. 

Mr.  Chairman,  the  Science  Committee  has  been  a  strong  advocate  for  better  cooperation 
and  collaboration  between  private  industry  and  the  academic  community.  NSF  shares  this  goal. 
We  also  feel  that  research  in  the  area  of  automotive  technology  is  a  natural  avenue  for  industry 
and  university  cooperation. 

As  a  result,  NSF  staff  have  begtin  to  work  informally  with  representatives  of  Chrysler, 
Ford,  General  Motors  and  other  manufacturing  companies  to  explain  the  merit  review  process, 
expose  the  university  research  community  to  PNGV-related  technical  issues,  broker  matches 
between  industry  experts  and  university  researchers  and  encourage  the  participation  of 
manufacturing  industry  experts  in  the  review  of  research  proposals.  An  NSF/DoE  conference  on 
"Basic  Research  Needs  for  Vehicles  of  the  Future"  was  held  in  January,  1995,  in  partnership  with 
major  U.  S.  automobile  manufacturers  and  their  suppliers.   188  participants,  from  34  different 
U.S.  universities,  18  govenunent  agencies  and  24  different  companies  in  the  automotive  industry, 
worked  together  for  three  days  to  defme  the  key  research  problems  in  the  six  most  critical  long- 
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term  research  areas  defined  by  the  research  staffs  of  Chrysler,  Ford  and  GM.  A  follow-on 
conference  in  January,  1996,  on  "Basic  Research  Needs  for  Environmentally  Resf)onsive 
Technologies  of  the  Future"  identified  industry-specific  basic  research  opfKjrtunities  in  five 
industries,  including  the  automotive  industry.  A  third  conference  is  being  plaimed  for  late  1996 
or  early  1997  to  focus  on  long-term  engineering  research  issues  relevant  to  PNGV. 

The  dialogue  between  the  automotive  industry  and  university  researchers  has  already  had 
positive  effects.  For  example,  NSF  is  negotiating  a  new  five-year  award  for  an  Engineering 
Research  Center  (ERC)  at  the  University  of  Michigan  which  can  be  considered  an  investment  in 
PNGV  research  goals.  This  center  was  one  of  four  new  ERCs  selected  in  competitive  merit 
review  from  among  more  than  100  candidates  in  FY  1996.  It  brings  Chrysler,  Ford,  GM, 
Caterpillar,  General  Dynamics,  Boeing,  United  Technologies  and  24  of  their  technology  suppliers 
together  with  a  team  of  university  researchers  to  develop  a  new  generation  of  low-cost  machining 
systems  that  can  be  easily  reconfigured  to  increase  the  flexibility  of  automotive,  heavy  vehicle 
and  aircraft  production.  The  ERCs  research  and  education  agenda  directly  and  specifically 
addresses  the  long-term  needs  of  three  related  industry  sectors:  Aerospace,  Heavy  Vehicles  and 
Automotive  end  users.  The  companies  representing  the  industry  supplier  base  that  have  joined 
this  ERC  effort  are  focused  on  Controls  (7  members).  Sensors  (5),  Machine  Tool  Builders  (9)  and 
Tooling  (3).  NSF  also  supports  the  Materials  Research  Science  and  Engineering  Center 
(MRSEC)  at  Michigan  State  University,  a  partnership  between  Michigan  State,  Chrysler,  Ford 
and  GM  established  by  NSF  in  1994  to  provide  a  focal  point  for  fundamental  research  on 
materials  and  devices  with  high  potential  for  application  in  vehicular  sensing  systems.  Eleven 
NSF-supported  Industry-University  Cooperative  Research  Centers  (I/UCRC)  have  attracted 
membership  by  the  major  U.  S.  automobile  manufacturers  because  of  their  focus  on  research 
themes  consistent  with  the  long-term  interests  of  these  companies. 

It  is  also  important  to  point  out  again  that  all  these  NSF  projects  were  awarded  through  a 
competitive  merit  review  process  in  which  there  was  no  targeting  of  technology  areas  by  NSF. 
Nevertheless,  the  range  of  technical  topics  covered  among  the  proposals  NSF  receives  correlates 
well  with  PNGV  emphasis  areas.  Leadership  from  the  federal  government,  in  partnership  with 
industry,  is  having  an  impact  on  how  the  long-term  research  needs  of  U.  S.  industry  are  made 
known  to  the  academic  community.  This  in  tum  influences  how  academic  researchers  plan  their 
own  individually-conceived  research  and  education  goals. 

In  conclusion,  Mr.  Chairman,  I  would  like  to  thank  you  for  holding  this  hearing  on  the 
PNGV  program  and  hope  to  work  with  you  and  the  Committee  to  help  foster  greater  cooperation 
between  the  university  research  community  and  private  industry,  especially  in  the  area  of 
automotive  research  and  development. 

Thank  you. 
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Mr.  Ehlers.  Thank  you  very  much.  Just  one  quick  question  for 
clarification  again.  The  money  from  PNGV  that  goes  to  the  NSF, 
is  all  of  that  funneled  through  your  office,  through  your  directorate, 
or  does  some  of  it  go  to  other  areas? 

Dr.  BORDOGNA.  There  are  other  directorates,  primarily  math  and 
physical  sciences,  engineering,  some  social  behavior,  economic 
science  and  computer  engineering.  The  major  portion  is  in  math, 
physical  science  and  engineering. 

Mr.  Johns.  Excuse  me,  sir,  but  that  money  is  not  PNGV  money 
sent  to  NSF.  That's  out  of  NSF's  budget  itself. 

Dr.  BORDOGNA.  I  didn't  understand  the  question.  The  $54  million 
is  in  the  regular  NSF  budget  and  is  spent  out  in  those  directorates 
for  individual  proposals  and  we  grant  them. 

Mr.  Ehlers.  Good.  Thank  you  for  the  clarification.  I  appreciate 
that. 

We've  also  been  joined  by  Congresswoman  Sheila  Jackson  Lee. 
We're  happy  to  have  you  with  us. 

Finally  in  this  panel  is  Mr.  Thomas  Gross  from  the  Department 
of  Energy. 

Mr.  Gross. 

STATEMENT  OF  THOMAS  J.  GROSS,  DEPUTY  ASSISTANT  SEC- 
RETARY FOR  TRANSPORTATION  TECHNOLOGIES,  OFFICE  OF 
ENERGY  EFFICIENCY  AND  RENEWABLE  ENERGY,  U.S.  DE- 
PARTMENT  OF  ENERGY 

Mr.  Gross.  Good  afternoon,  Mr.  Chairman  and  Members  of  the 
Subcommittee.  I  thank  you  for  inviting  me  today  to  appear  to  dis- 
cuss the  Department  of  Energ/s  role  in  implementing  the  Partner- 
ship for  a  New  Generation  of  Vehicles. 

I  would  like  to  request  permission  of  the  Chair  to  enter  my  com- 
plete written  testimony  for  the  record. 

Mr.  Ehlers.  Without  objection,  so  ordered. 

Mr.  Gross.  With  respect  to  transportation  fuel,  the  situation 
does  seem  to  be  a  little  bit  more  subtle  than  it  was  a  couple  of 
months  ago.  Supplies  of  gasoline  are  plentiful  and  U.S.  drivers  are 
paying  less  at  the  pump  than  during  the  short-term  price  run-up 
earlier  this  year,  and  prices  are  projected  to  continue  their  down- 
ward trend  for  the  remainder  of  the  summer. 

However,  we  ought  not  to  be  lulled  into  complacency.  The  rise  in 
gasoline  prices,  which  evidently  resulted  fi'om  a  coincidence  of  sev- 
eral unrelated  events,  may  be  a  warning  for  the  future.  To  me  the 
Partnership  for  a  New  Generation  of  Vehicles  is  about  heeding  that 
warning. 

We  in  the  United  States  are  consuming  over  17  million  barrels 
of  petroleum  each  day,  one  quarter  of  the  world's  total.  As  Mr. 
Johns  has  also  pointed  out,  about  half  of  the  oil  that  we  use,  nearly 
nine  million  barrels  per  day,  is  imported.  About  two-thirds  of  our 
total  consumption  is  used  to  meet  our  total  transportation  de- 
mands. 

With  consumption  growing  at  over  one  percent  a  year  and  do- 
mestic production  declining  by  1.4  percent  annually,  the  Energy  In- 
formation Administration  predicts  that  by  the  year  2000  imports 
will  make  up  56  percent  of  our  consumption  and  will  exceed  60  per- 
cent by  2010.   Imported   oil  represents   a   significant  transfer  of 
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wealth,  about  a  billion  dollars  a  week  going  out  of  our  country  in 
1995. 

Adding  to  the  concern  I  would  note  two  other  forecasts.  The 
rapid  growth  of  economies  of  the  world's  developing  nations,  par- 
ticularly in  East  Asia  where  economies  are  growing  at  8  to  12  per- 
cent per  year,  lead  to  forecasts  of  substantial  growth  in  world  oil 
demand,  growth  which  could  easily  outstrip  the  ability  to  respond 
with  inexpensive  supplies. 

Second,  by  2010  two-thirds  of  the  oil  traded  on  the  international 
market  will  come  from  the  Persian  Gulf,  a  region  of  persistent  po- 
litical instability.  While  we  can  only  speculate  on  what  will  trigger 
the  next  petroleum  price  shock,  forecasts  of  supply  and  demand 
suggest  it's  a  good  bet  that  there  will  be  one,  and  the  Members  of 
the  Subcommittee  certainly  realize  the  economic  impact  of  a  petro- 
leum price  shock.  In  the  last  20  years,  significant  rises  in  the  price 
of  petroleum  have  each  been  followed  by  a  recession. 

With  its  programs  directed  at  more  energy-efficient  and  alter- 
natively fueled  vehicles,  the  Department  of  Energy  is  seeking  to 
address  concerns  related  to  rapidly  growing  worldwide  petroleum 
use  as  well  as  concerns  about  the  emissions  resulting  from  fuel 
combustion. 

Vehicle  efficiency  improvements  since  the  1970s  have  been  offset 
by  increases  in  population,  vehicles  and  per  capital  miles  driven. 
The  result  is  that  total  U.S.  consumption  of  gasoline  has  risen 
about  one  and  a  half  percent  per  year  over  the  past  20  years.  Low 
gasoline  prices  continue  to  encourage  us  to  drive  more  and  to  pur- 
chase less  fuel-efficient  vehicles,  such  as  sport  utilities  and  light 
trucks  which  now  account  for  about  40  percent  of  domestic  vehicle 
sales. 

One  approach  to  reducing  our  demand  for  oil  would  be  to  raise 
the  cost  of  gasoline  through  taxes.  Some  argue  that  another  would 
be  to  increase  automotive  fuel-efficiency  standards.  The  value  of 
PNGV  is  that  success  in  developing  cost-effective  technologies  that 
achieve  radically  improved  fuel  economy  could  reduce  demand  for 
petroleum  without  resorting  to  such  government  control  and  com- 
mand measures. 

This  opportunity  and  its  clear  alignment  with  the  Department's 
mission  objectives  of  reducing  our  reliance  on  imported  oil,  increas- 
ing the  efficiency  of  energy  consumption  and  reducing  the  pollution 
resulting  from  energy  use  prompted  the  Department  of  Energy  to 
be  an  active  partner  in  striving  to  achieve  the  goals  of  the  Partner- 
ship for  a  New  Generation  of  Vehicles. 

Through  the  Offices  of  Energy  Efficiency  and  Renewable  Energy, 
Defense  Programs  and  Energy  Research,  DOE  has  been  an  impor- 
tant player  in  PNGV,  providing  the  majority  of  federal  resources 
supporting  work  which  is  directly  relevant  to  PNGVs  goals.  For  20 
years  we've  been  working  in  partnership  with  the  automakers  and 
their  suppliers  to  developer  cleaner,  more  fuel  efficient  cars  for 
America  and  the  world  to  use  in  the  21st  century.  PNGV  has 
helped  further  focus  this  effort  within  the  Department  of  Energy. 

Our  funding  is  primarily  directed  at  higher-risk  enabling  tech- 
nologies that  industry  would  not  be  expected  to  undertake  on  its 
own.  Our  activities  form  the  backbone  of  PNGVs  effort  to  reach  the 
80-mile  per  gallon  goal.  The  unique  resources  and  capabilities  of  12 


39 

DOE  national  laboratories  are  being  brought  to  bear  and  have 
played  a  major  role  in  the  early  successes  of  the  partnership. 

Though  we  are  only  three  years  into  the  program,  we  have  al- 
ready had  substantial  and  measurable  progress.  As  Mr.  Johns 
noted,  you've  received  copies  of  a  report  compiled  by  the  auto- 
makers known  as  PNGV  Technical  Accomplishments.  This  report 
details  some  of  the  breakthroughs  bom  of  our  collective  efforts.  I 
would  just  like  to  point  out  that  it  also  mentions  of  the  65  projects 
and  programs  that  are  identified  in  the  report,  that  50  of  them 
have  involvement  from  the  Department  of  Energy  national  labora- 
tories. 

For  further  details  I  would  call  your  attention  to  pages  6  through 
8  of  my  written  statement,  from  new  and  more  efficient  catalytic 
converters  to  high-tech  casting  processes  to  smaller,  more  effective 
air  bags  to  tires  with  improved  rolling  resistance.  As  you  can  clear- 
ly see  in  the  report,  DOE  and  its  laboratories  are  making  initial 
contributions  to  achieving  PNGVs  objectives. 

But  our  ultimate  goal  is  successful  development  of  technologies 
that  enable  production  of  pollution-free  transportation  vehicles 
with  very  high  fuel  use  efficiency  and  which  are  fueled  by  cheap, 
inexhaustible  renewable  resources.  Full  accomplishment  of  PNGVs 
challenging  goals  ideally  within  the  original  time  frame,  but  cer- 
tainly at  some  point,  is  vital  to  securing  this  result  for  future  gen- 
erations. 

Thank  you  for  the  opportunity  to  appear,  and  I'll  be  happy  to  an- 
swer any  questions. 

[The  prepared  statement  of  Mr.  Gross  follows:] 
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Mr.  Chairman  and  Members  of  the  Subcommittee: 

Thank  you  for  inviting  me  to  appear  before  you  today  to  discuss  the  Department  of  Energy's  role 
in  implementing  a  ground-breaking  initiative--the  Partnership  for  a  New  Generation  of  Vehicles 
(PNGV).  This  partnership  was  bom  of  a  vision  shared  by  the  Administration  and  the  leaders  of 
Ford,  Chrysler  and  General  Motors  to  join  the  resources  of  the  Federal  Government,  its 
laboratories  and  university  based  research  institutions  together  with  those  of  the  major 
automakers  and  their  supplier  networks,  to  pursue  three  aggressive,  interrelated  R&D  goals: 

•  develop  manufacturing  techniques  to  reduce  the  time  and  cost  of  automotive  design  and 
production; 

•  improve  fijel  efficiency  and  emission  performance  of  existing  powerplants;  and 

•  •       develop  a  new  generation  of  vehicles  with  triple  the  fuel  economy  of  today's  mid-size 

cars  while  maintaining  or  improving  comfort,  safety,  performance,  emissions  and  price. 

In  my  remarks  today,  I  will  focus  on  some  of  the  most  significant  points,  from  the  Department's 
perspective,  regarding  PNGV; 

•  This  initiative  addresses  crucial  areas  of  national  interest, 

•  PNGV  is  directly  aligned  with  the  Department  of  Energy's  mission, 

•  DOE  participation  is  critical  to  its  success,  and 

•  There  is  ample  evidence  that  this  new  approach  is  working  well  and  producing 
significant  results;  it  has  bolstered  and  reinforced  an  already  developing  partnership 
between  the  Department  and  the  U.S.  automotive  industry. 

I  will  also  address  some  of  the  technical  and  resource  challenges  we  face  as  we  pursue  its  goals. 

PNGV  IS  IN  THE  NATIONAL  INTEREST 

Currently  the  United  States  consumes  over  17  million  barrels  of  petroleum  each  day.  This  is 
about  25  percent  of  the  world's  total  consumption,  yet  the  U.S.  has  less  than  5  percent  of  the 
world's  population.  Imports  supplied  about  50  percent  of  U.S.  domestic  consumption  in  1995. 
With  consumption  growing  at  over  1  percent  a  year  and  domestic  production  declining  by  about 
1.4  percent  annually,  the  Energy  Information  Administration  predicts  that  by  2000  imports  will 
account  for  56%  of  our  consumption,  and  will  exceed  60  percent  by  2010.  With  this  comes  a 
significant  transfer  of  wealth  -  reflected  in  the  balance  of  payments.  For  1995  the  net  transfer 
totaled  just  over  $48  billion  for  crude  oil  and  petroleum  products. 
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By  2010,  two-thirds  of  the  oil  traded  on  the  international  market  will  come  from  the  Persian 
Gulf,  a  region  of  persistent  political  instability.  As  Daniel  Yergin  observed  in  his  book  The 
Prize,  oil  is  a  major  factor  in  geopolitical  struggles.  Additionally,  the  rapid  growth  of  economies 
among  the  world's  developing  nations,  particularly  in  east  Asia,  means  competition  may  greatly 
increase  for  petroleum  on  the  world  market.  As  living  standards  and  mobility  increase,  and 
economies  achieve  desired  growth,  substantial  growth  in  oil  demand  is  forecast--  growth  which 
may  outstrip  the  ability  to- respond  with  inexpensive  supplies.     To  the  extent  this  occurs, 
increased  global  demand  could  lead  to  higher  real  energy  prices  in  the  United  States,  especially 
for  oil. 

Two  thirds  of  the  petroleum  consumed  in  the  U.S.  is  for  transportation.  Vehicle  fuel  efficiencies 
have  shown  steady  improvement  since  the  1 970s,  but  increases  in  population  and  per  capita 
miles  driven  have  more  than  offset  these  gains,  causing  total  consumption  of  gasoline  to  rise  by 
about  1.5  percent  per  year  over  the  past  20  years.  Still,  cheap  gasoline  prices  are  encouraging  us 
to  drive  more,  and  to  purchase  less  fuel  efficient  vehicles  such  as  sport  utilities  and  light  trucks, 
which  now  account  for  nearly  40  percent  of  domestic  vehicle  sales.  One  approach  to  reducing 
demand  would  be  to  raise  the  cost  of  gasoline  through  taxes,  as  many  European  countries  and  the 
Japanese  have  done.  Some  argue  that  another  would  be  to  increase  mandatory  fuel  efficiency 
(CAFE)  standards.  The  value  of  PNGV  is  that  success  in  developing  cost-effective 
technologies,  that  achieve  radically  improved  fuel  economy,  could  reduce  demand  for 
petroleum  without  resorting  to  such  government  command  and  control  measures. 

PNGV  success  would  contribute  in  another  area  of  national  interest:  the  environment. 
Americans  clearly  value  a  cleaner  environment;  as  a  nation,  we  have  made  tremendous  strides  in 
improving  the  quality  of  our  land,  air  and  water  during  the  last  two  decades.  However,  the 
Environmental  Protection  Agency  reported  in  October  of  1995  that  134  million  Americans  live 
in  areas  that  do  not  meet  the  National  Ambient  Air  Quality  Standards.  For  45  million  citizens, 
non-attainment  is  directly  attributable  to  transportation  emissions.  In  urban  areas  80  percent  of 
the  pollution  comes  from  energy  used  by  transportation  systems,  and  the  American  Lung 
Association  estimated  in  1988  that  Americans  spend  $50  billion  annually  on  health  care  resulting 
from  air  pollution.  The  Association  is  currently  updating  this  estimate  and  has  indicated  that  the 
cost  today  is  considerably  higher,  not  only  due  to  rising  health  care  costs,  but  also  because 
understanding  of  the  impacts  of  particulate  emissions  on  the  human  body  has  dramatically 
improved.  Transportation  is  responsible  for  78  percent  of  the  carbon  monoxide,  45  percent  of 
nitrous  oxides,  about  one  third  of  the  volatile  organic  compounds  and  carbon  dioxide,  and  27 
percent  of  the  particulates.  With  concentrations  of  carbon  dioxide  25  percent  higher  than  in  pre- 
industrial  levels,  the  global  potential  for  energy  use  to  contribute  to  climate  change  has  emerged 
as  a  new  environmental  risk.  Increased  atmospheric  concentrations  of  greenhouse  gases  are 
likely  to  alter  earth's  climate  system,  although  scientists  do  not  agree  on  the  timing  and  nature  of 
potential  climate  changes,  or  on  the  scope  and  severity  of  the  problems  associated  with  a 
changing  climate  .system.  The  widespread  use  of  vehicles  with  substantially  higher  fuel 
efficiency  and  alternative  fiiel  capabilities,  one  of  the  PNGV's  major  goals,  could  result  in 
considerably  lower  emissions  per  mile  driven,  thereby  contributing  to  greatly  improved  air 
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quality. 


DOE  HAS  A  CRITICAL  ROLE  IN  PNGV 

The  Department  of  Energy,  through  the  Offices  of  Energy  Efficiency  and  Renewable  Energy, 
Energy  Research,  and  Defense  Programs,  is  an  important  player  in  all  levels  of  PNGV  activity. 
While  the  lead  agency  is  the  Department  of  Commerce,  the  Department  of  Energy  is  contributing 
the  majority  of  the  total  federal  spending  for  work  directly  relevant  to  PNGV.  This  funding  is 
primarily  directed  at  higher  risk  research  that  industry  would  not  be  likely  to  undertake  on  its 
own,  and  which  forms  the  backbone  of  the  PNGV  Goal  3  effort.  Twelve  DOE  laboratories  are 
among  the  20  federal  laboratories  whose  capabilities  have  been  identified  as  essential  to  the 
PNGV  effort. 

DOE  also  plays  a  leadership  role  in  PNGV.  The  Assistant  Secretary  for  Energy  Efficiency  and 
Renewable  Energy  is  an  active  member  of  the  Operational  Steering  Group.  The  Director  of  the 
Office  of  Advanced  Automotive  Technologies  serves  as  Vice-chair  of  the  PNGV  Technical  Task 
Force  Executive  Committee.    Scientific  staff  from  DOE  and  its  laboratories  predominate  among 
government  members  of  the  technical  teams  that  identify  technical  targets  and  develop  the 
roadmaps  used  to  direct  research.  Membership  on  these  teams  is  based  solely  on  technical  ability 
and  experience. 

The  results  of  DOE  support  for  research  and  development  can  be  seen  in  the  PNGV  Technical 
Accomplishments  report  recently  published  by  the  United  States  Council  for  Automotive 
Research  (USCAR).  Three  quarters  of  the  developments  deemed  significant  enough  for 
inclusion  in  this  document  were  achieved  in  partnership  with  the  Department  of  Energy 
community. 

Participating  in  an  undertaking  of  this  magnitude  and  national  importance  has  led  the  Department 
of  Energy  to  undertake  some  healthy  self-examination,  resulting  in  improvements  in  the  way  we 
manage  projects  and  interact  with  other  agencies  and  the  private  sector.  Within  the  Department 
of  Energy  we  have  recently  reorganized  the  Office  of  Transportation  Technologies  to  bring 
nearly  all  of  the  department's  PNGV  projects  under  the  direction  of  a  single  office,  the  Office  of 
Advanced  Automotive  Technologies.  This  move  was  designed  to  streamline  management  of 
PNGV  projects,  and  to  facilitate  direction  of  resources  to  the  most  promising  technical  areas. 

We  created  the  Clean  Car  Coordinating  Committee  (C-4),  initially  composed  of  technical 
representatives  from  each  of  the  12  DOE  laboratories,  to  help  coordinate  laboratory  support  of 
PNGV,  and  to  better  identify  for  industry  where  in  the  DOE  community  specific  technical 
expertise  resides.  The  Committee  has  since  been  expanded  to  include  representatives  from  the 
eight  other  Federal  laboratories  now  supporting  PNGV,  providing  an  example  of  what  should 
become  a  growing  trend  among  Federal  agencies  -  -  coordination  and  leverage  of  resources 
toward  the  solution  of  complex  problems. 
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In  partnership  with  Chrj'sler,  Ford  and  General  Motors,  DOE  sponsored  the  first  phase  of  the 
FutureCar  Challenge,  which  was  completed  in  June,  1996.  Designed  to  stimulate  innovation  by 
the  next  generation  of  engineers,  the  FutureCar  Challenge  is  the  most  ambitious  student  vehicle 
competition  to  date.  Twelve  university  teams  from  across  the  nation  were  each  given  a  new 
mid-size  production  vehicle  and  free  reign  to  modify  the  car  to  meet  PNGV's  goals.  The  DOE  is 
proud  to  sponsor  the  FutureCar  Challenge  because  it  provides  students  practical,  hands-on, 
engineering  experience  and  a  chance  to  be  creative  in  seeking  solutions  to  some  very  difficult 
engineering  problems.  The  students'  accomplishments  so  far  have  been  truly  impressive. 

Coordination  of  resources  has  increasingly  become  a  concern  for  the  federal  side  of  the  PNGV 
effort.  Our  fiscal  year  1996  budget  request  for  this  initiative  was  cut  significantly.  Based  on 
House  and  Senate  budget  marks  for  1997,  we  will  lose  further  ground  next  year  relative  to  the 
budget  levels  we  had  initially  identified  as  necessary  to  accomplish  PNGV  goals.  It  is  important 
that  we  continue  to  demonstrate  our  commitment  to  this  initiative,  -and  to  the  idea  that  the 
government  can  be  counted  on  as  a  partner  with  industry  in  multi-year,  high-risk  efforts. 

We  are  concerned  about  funding  reductions  adding  additional  levels  of  risk  to  the  PNGV  effort. 
And  it  is  important  to  note  that,  partially  in  response  to  PNGV,  governments  in  Japan  and  Europe 
have  formed  similar  R&D  partnerships,  to  which  they  have  committed  considerable  resources. 
We  know  that  they  are  pursuing  similar  lines  of  research  activity,  and  that  resource  commitments 
from  their  governments  are  growing.  If  these  trends  continue,  they  may  reach  the  world  market 
before  we  do,  and  the  United  States  may  well  be  importing  the  automotive  technologies  of  the 
future-just  the  opposite  result  of  the  vision  originally  associated  with  PNGV. 

MISSION  ALIGNMENT  AND  TECHNICAL  BARRIERS 

Major  mission  responsibilities  of  the  Department  of  Energy  include: 

•  Enhancing  energy  productivity  to  strengthen  the  United  States  economy  and  improve 
living  standards, 

•  Ensuring  reliable  energy  services  with  reduced  vulnerability  to  energy  price  and  supply 
volatility,  and 

•  Reducing  adverse  environmental  impacts  associated  with  energy  production,  delivery  and 
use. 

All  three  of  these  fit  well  with  the  goals  of  PNGV. 

Within  the  Department's  transportation  programs,  one  of  our  two  primary  objectives  is  to  help 
achieve  a  radical  improvement  in  transportation  fuel  efficiency-a  critical  component  in  our 
nation's  effort  to  stem  the  rising  tide  of  oil  imports.    I'd  like  to  take  the  next  few  minutes  to 
outline  what  we  at  the  Department  of  Energy  see  as  some  of  the  most  challenging  technical 
bartiers  to  accomplishing  this  objective. 
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Propulsion  Systems 

Propulsion  systems  that  more  efficiently  convert  fuel  to  useful  power,  with  the  lowest  possible 
emissions,  are  a  major  barrier.  Several  options  have  undergone  considerable  development  but 
require  further  R&D  to  improve  critical  performance  parameters  such  as  part-load  efficiency; 
transient  emissions;  noise,  vibration  and  harshness  (NVH)  characteristics;  low  weight;  small 
packaging  volume;  and  100,000-mile  maintenance- free  reliability.  Challenging  goals  must  be 
met  in  all  of  these  areas  with  technologies  which  are  low  in  cost  and  manufacturable  in  high 
volumes.  The  options  which  have  been  seriously  considered  include  diesel  cycle  engines,  gas 
turbines,  and  fuel'cells;  other  thermal  engines  (e.g.  Stirling,  Miller  cycle)  could  become  serious 
candidates  with  the  right  breakthroughs. 

Hybrid  Vehicles 

For  successful  hybrid  vehicle  systems,  two  critical  technical  barriers  relate  to  energy  storage  and 
jjower  electronics.  High  power  energy  storage  devices  are  needed  to  augment  power  from  the   . 
main  propulsion  system  for  acceleration  and  hill  climbing,  and  for  recapturing  energy  during 
braking.  The  storage  unit  must  be  thermally  managed  and  have  high  specific /lou'er  in  contrast 
to  the  high  energy  requirement  of  batteries  for  electric  vehicles.  Furthermore,  the  power 
electronic  interfaces  that  direct  power  flow  between  components  need  further  development. 
Today's  systems  are  too  heavy  and  large  to  be  efficiently  packaged  in  a  vehicle.  Work  is  needed 
to  reduce  the  size,  weight  and  cost,  and  to  manage  the  thermal  loads.  New  technologies  are 
needed  to  support  high  voltage  and  current  power  handling  equipment  plaimed  for  these 
propulsion  systems.  Remaining  drive  line  components  need  to  be  optimized  with  respect  to 
efficiency,  performance  and  cost. 

Advanced  Materials 

One  of  the  most  practical  ways  to  increase  fuel  efficiency  is  to  reduce  the  weight  of  the  vehicle. 
Achieving  the  goals  of  PNGV  will  likely  require  reductions  in  a  vehicle's  weight  of  up  to  forty 
percent.  Adding  more  components  with  world  class  reliability  standards,  at  comparable  costs, 
while  reducing  weight  and  maintaining  safety,  is  extremely  challenging,  but  is  essential  to 
improving  fuel  efficiency.  These  savings  can  be  realized  if  aluminum  or  other  light-weight 
materials  can  be  successfully  substituted  in  the  power  unit,  the  power  electronics,  electric  drive 
system,  vehicle  chassis  and  related  components.  Weight  savings  must  be  sought  not  only 
through  material  substitution  but  through  better  integration  of  propulsion  system  components  and 
vehicle  structural  elements. 

Fuel  Cells 

Proton  exchange  membrane  fuel  cells,  which  produce  electricity  by  efficiently  combining 
hydrogen  and  oxygen,  offer  the  greatest  long-term  potential  fuel  economy  gain,  but  require  by  far 
the  most  demanding  technical  improvements.    Some  of  the  key  barriers  to  commercial  fuel-cell 
powered  vehicles  include: 

•  Improving  the  performance  and  reducing  the  cost  and  weight  of  key  components 
including  bipolar  plates,  membranes  and  catalysts. 

•  Demonstrating  full-sized,  fiiel-flexible,  integrated  fuel  processing  systems  and 
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components.  These  should  be  based  on  advanced  catalysts  and  reactor  processes  and 
designs  that  demonstrate  the  required  operating  characteristics  and  efficiency  for 
automotive  applications. 

•  Developing  more  compact,  higher  pressure  storage  systems  for  hydrogen  that  use  less 
expensive  materials  and  fabrication  processes. 

•  Improving  the  system's  tolerance  to  the  presence  of  carbon  monoxide  in  the  hydrogen- 
rich  fuel,  which  will  greatly  simplify  the  system  and  reduce  cost  and  weight. 

These  are  a  sample  of  the  difficult  technical  challenges  we  are  addressing. 

RECENT  ACCOMPLISHMENTS 

I  have  previously  mentioned  the  recent  compilation  of  technical  accomplishments  that  support 
the  three  goals  of  PNGV.  Following  are  highlights  of  several  recent  accomplishments  that 
demonstrate  the  scope  of  DOE's  activities  supporting  PNGV. 

•  ■       Recently,  a  cost-shared  project  between  General  Motors  and  DOE  produced  the  nation's 

first  successful  proton-exchange  membrane  fuel  cell  system  powered  by  methanol.  Fuel 
cells  are  a  prime  candidate  to  meet  PNGV's  80  miles  per  gallon  goal;  they  have 
exceptionally  high  fiiel  efficiency  combined  with  ultra-low  emissions.  Though  likely 
beyond  PNGV's  time  horizon,  hydrogen-powered  fuel  cell  technology  offers  the  promise 
of  fuel  conversion  efficiencies  consistent  with  vehicles  which  get  up  to  100  miles  per 
gallon. 

• .        Researchers  at  Argonne  National  Laboratory  have  developed  a  quick-starting  system  to 
convert  liquid  methanol  fuel  directly  into  hydrogen.  Methanol  is  an  attractive  alternative 
source  of  fuel  for  an  automotive  fuel  cell  because  it  can  be  produced  from  domestic 
resources  such  as  natural  gas,  coal  or  renewable  biomass.    The  new  system  is  compact, 
lightweight,  and  operates  on  oxygen  taken  from  the  air.  The  system's  startup  times  have 
met  PNGV's  target  rates. 

•  A  team  from  Ford  and  DOE's  Lawrence  Livermore  National  Laboratory  has  made 
dramatic  improvements  in  high-pressure  tanks  to  store  hydrogen  gas  for  automotive 
applications.    Hydrogen-fueled  vehicles  require  on-board  hydrogen  storage  capable  of 
containing  a  large  volume  of  gas  for  extended  periods.  The  new  tanks  are  formed  from 
lightweight  composites  and  use  a  laminated  metalized  polymeric  bladder,  which  should 
be  lower  in  cost  than  conventional  tanks  and  have  a  longer  life. 

•  ,  Working  under  a  cooperative  research  and  development  agreement,  an 

industry/laboratory  team,  including  five  DOE  laboratories,  developed  a  new  catalyst  for 
automobile  catalytic  converters  that  substantially  reduces  emissions  of  nitrogen  oxides. 
Use  of  the  new  catalyst  will  allow  engines  to  operate  with  a  leaner  bum,  thus  providing 
improvements  in  fuel  economy.  The  new  catalyst  may  also  enable  wider  use  of  diesel 
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cycle  engines. 

A  team  from  General  Motor's  Delphi  Saginaw  Steering  Systems  and  DOE's  Sandia 
National  Laboratories  developed  an  "intelligent"  system  for  induction  hardening  steel 
auto  parts.  In  this  case,  advanced  technologies  developed  by  DOE  to  achieve  materials 
hardening  requirements  for  weapons  were  determined  to  have  automotive  applications  as 
well.  The  new  process,  which  is  now  producing  components  for  Saturn  cars,  provides 
parts  with  greater  quality  control  and  uniformity. 

In  early  July,  1996,  a  team  from  Thompson  Aluminum  Casting,  near  Cleveland,  Ohio  and 
Oak  Ridge  National  Laboratory  announced  a  major  breakthrough  in  compression-forming 
of  cast  aluminum.    This  breakthrough  combined  the  unique  supercomputing  modeling 
capability  at  Oak  Ridge  and  the  innovative  casting  ability  of  Thompson  Aluminum'.  The 
new  technology  produces  cast  aluminum  parts  with  the  properties  of  forged  aluminum, 
but  at  a  fraction  of  the  cost.    General  Motors  plans  to  use  400,000  of  the  new,  lightweight 
parts  to  replace  heavier  cast  iron  components  in  its  1 998  vehicles. 

Tapping  into  forty  years  of  national  laboratory  experience  in  developing  and,packaging 
high-performance,  lightweight  parachutes  for  military  applications,  Precision  Fabrics 
Group,  Incorporated,  of  Greensboro,  North  Carolina  has  developed  a  revolutionary  new 
airbag  design  that  may  result  in  safer  automobiles.  The  new  design  is  about  60  percent 
smaller  when  folded  and  weighs  60  percent  less  than  a  conventional  airbag.    The  smaller 
size  means  the  airbag  inflates  faster.  Popular  Science  selected  this  project  for  one  of  its 
"Best  of  What's  New"  awards. 

A  team  of  researchers  from  Trinity  Flywheel  Batteries  in  San  Francisco,  California, 
General  Motors  and  DOE's  Lawrence  Livermore  National  Laboratory  has  made 
significant  advances  in  the  field  of  flywheel  energy  storage.  High-power  energy  storage 
is  a  critical  technology  for  hybrid  vehicles.  The  team's  recent  accomplishments  include 
new  fabrication  methods  using  composite  materials,  simple  and  durable  rotor  designs,  a 
new  high-power  permanent  magnet  motor/generator  system,  and  a  successful  lab 
demonstration  of  an  integrated  flywheel  system.  In  addition.  Trinity  demonstrated  the 
first  successful  containment  of  a  rotor  burst  using  a  compact  structure. 

A  cost-shared  cooperative  research  and  development  agreement  between  Oak  Ridge 
National  Laboratory  and  the  domestic  automakers'  Automotive  Composites  Consortium 
is  currently  addressing  the  adhesive  bonding  of  dissimilar  materials  such  as  aluminum, 
plastic  composites,  and  steels.  Increased  use  of  such  lightweight  materials  will  be 
required  to  meet  PNGV's  goal.  The  industry/laboratory  team  has  developed  standardized 
test  methods  and  computer  models  for  bonded  joints,  tested  the  strength  of  adhesive 
joints,  and  developed  a  new  method  of  surface  treatment  that  provides  stronger  joints. 
The  University  of  Texas  is  also  a  contributor  to  this  project. 
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•  It  is  estimated  that  four  to  seven  percent  of  a  car's  highway  fuel  consumption  is  lost  just 
in  overcoming  the  tires'  rolling  resistance.  A  team  from  Goodyear  Tire  and  Rubber 
Company  and  Sandia  National  Laboratories  has  perfected  advanced  computer  modeling 
tools  to  help  design  tires  that  will  save  energy  while  preserving  other  key  tire 
performance  characteristics.  Tires  designed  using  the  new  tools  may  be  in  production 
within  three  years. 

•  General  Motors  successfully  converted  a  1995  Lumina  sedan  to  serve  as  a  hybrid  test 
vehicle.  All  propulsion  system  components  were  completed  for  a  first-generation 
vehicle,  including  battery,  traction  motor,  inverter,  thermal  management,  electric  power 
steering,  regenerative  brakes,  and  control  system.  This  project,  cost-shared  at  50%  each 
by  industry  and  government,  will  develop  hybrid  propulsion  systems  with  twice  the  fuel 
economy  of  today's  vehicles.  Parallel  cost-shared  contracts  are  also  in  place  with  Ford 
and  Chrysler.  In  total,  about  25  separate  companies  participate  in  the  three  contracts. 

•  The  Department  of  Energy  has  placed  a  new  emphasis  on  advanced  diesel-cycle  engines 
for  hybrid  vehicles.  Diesels  are  the  most  efficient  internal  combustion  engine  and  thus 
are  a  leading  candidate  for  meeting  PNGV's  eighty  miles  per  gallon  goal-a  point  clearly 
recognized  by  the  National  Research  Council's  committee  to  provide  peer  review  of 
PNGV.  The  objective  of  this  four-year  cost-shared  program  is  to  provide  a  viable  diesel 
option  for  PNGV's  hybrid  propulsion  systems.  Our  goal  is  to  develop  a  clean-burning 
engine  with  a  brake  thermal  efficiency  of  forty-six  percent.  Major  partners,  in  addition  to 
the  engine  industry,  include  national  laboratories,  universities,  and  suppli'ers. 

•  In  June,  1996,  R&D  Magazine  awarded  one  of  its  coveted  "1996  R  &  D  100  Awards"  to 
the  National  Renewable  Energy  Laboratory  and  Benteler  Industries  of  Grand  Rapids, 
Michigan,  for  developing  a  vacuum-insulated  catalytic  converter  that  reduces  emissions 
when  a  car  is  first  started  up.    In  recent  tests,  the  new  converter  reduced  hydrocarbon 
emissions  by  84  percent  and  NOx  emissions  by  50  percent. 

•  Researchers  from  Cummins  Engine  Company,  of  Columbus,  Indiana,  and  DOE's 
Combustion  Research  Facility  at  Sandia  National  Laboratories  in  Livermore,  California, 
have  greatly  improved  knowledge  about  combustion  in  diesel  engines.  Using  a  special 
engine  fitted  with  quartz  windows  and  advanced  laser  diagnostics,  researchers  for  the  first 
time  can  see  exactly  how  fuel  mixes  with  air  in  the  combustion  chamber,  how  it  ignites 
and  bums,  and  how  soot  and  oxides  of  nitrogen  are  formed.  Knowing  where  and  when 
soot  and  NOx  form  during  combustion  helps  industry  design  cleaner,  more  efficient 
engines. 

These  are  just  a  few  examples;  there  are  many  others.  However,  the  key  point  is  that  DOE's 
programs  are  making  substantial  progress  toward  our  goals,  as  well  as  the  goals  of  PNGV.  To 
achieve  these  goals,  it  will  be  important  to  continue  working  in  close  partnership  with  the  auto 
industry  and  suppliers  to  leverage  resources.  Cooperation  among  the  federal  government, 
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industry,  and  DOE's  national  laboratories  on  high-risk  research  and  development  of  vehicles 
holds  out  the  promise  of  a  dramatic  reduction  in  America's  dependence  on  petroleum,  with 
concomitant  improvement  in  public  health. 

In  summary,  the  PNGV  addresses  crucial  areas  of  national  interest;  DOE  will  continue  to  be  an 
important  player  in  the  Partnership  for  a  New  Generation  of  Vehicles;  and  PNGV  is  a  high 
priority  program  within  the  Department  of  Energy.  However,  DOE's  focus  goes  beyond  PNGV 
to  encompass  longer  range,  higher-risk  technologies  that  may  not  be  commercially  viable  in 
PNGV's  time  frame.  These  advanced  technologies  will  ultimately  be  critical  to  breaking  our 
dependence  petroleum  and  securing  clean,  energy-efficient  transportation  for  future  generations. 

Thank  you  for  this  opportunity  to  appear.  I  will  be  happy  to  answer  any  questions. 
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Mr.  Ehlers.  Thank  you  very  much,  Mr.  Gross. 

I  will  begin  with  several  rather  broad  questions.  As  I  mentioned 
in  my  opening  statement,  one  of  the  concerns  has  to  be  why  should 
taxpayer  money  be  used  for  this  project,  and  that  question  has  be- 
come particularly  relevant  in  the  last  few  years  as  we've  engaged 
in  a  dramatic  effort  to  achieve  a  balanced  budget. 

The  costs  have  been  pointed  out.  The  federal  expense  there  is  in 
the  neighborhood  of  $300  million  per  year  overall  and  that's  a  large 
amoimt  of  money.  A  few  years  ago  that  didn't  seem  that  large  in 
the  federal  budget.  Today  it  seems  like  an  overwhelmingly  large 
amount  of  money.  So  there  is  going  to  be  substantial  Congressional 
concern  about  that. 

I  was  intrigued  with  your  comments,  Mr.  Gross,  about  future  pe- 
troleum supplies.  I  wish  the  rest  of  the  citizens  of  this  nation  were 
fully  aware  of  that  and  willing  to  accept  those  numbers  because  it's 
a  great  danger,  and  I  know  Dr.  Bartlett  and  I  have  talked  about 
this  as  well,  that  the  diminishing  petroleum  supplies  have  to  be  a 
major  concern  for  our  nation  in  the  not  too  distant  future. 

The  question  is,  how  can  we  as  a  nation  with  these  stringent 
budget  times  manage  to  continue  this  sort  of  research  that's  ex- 
tremely important.  We  have  to  get  away  from  our  dependence  on 
foreign  oil  and  perhaps  our  dependence  on  petroleum  products  and 
how  best  to  achieve  it,  and  that's  what  the  project  is  all  about. 

The  question  is,  can  we  assure  some  stable  source  of  funding  for 
this  work?  And  an  immediate  answer  comes  to  mind,  which  is 
highly  unpopular  politically,  but  that  is  to  use  a  portion  of  the  pe- 
troleum tax  to  fund  research  on  reducing  the  use  of  petroleum. 
Most  of  you  are  scientists  and  you  know  precisely  what  is  meant 
by  positive  and  negative  feedback  loops,  and  you  want  the  right 
kind  of  feedback  so  that  you  in  fact  solve  the  problem  and  not  exac- 
erbate it. 

I'm  at  a  loss  to  identify  any  other  well-defined  sources  of  reve- 
nues that  we  are  not  using  now,  but  I  would  welcome  your  com- 
ments on  that,  and  particularly  your  comments  from  any  one  of  you 
on  how  we  C£ui  ensure  stability  for  this  program  because,  left  to  the 
whims  of  the  Congress,  this  program  is  going  to  face  an  uncertain 
future.  And  the  question  is,  now  can  we  provide  some  stability  to 
the  program  because  you  do  not  achieve  results  from  programs  of 
this  sort  in  six  months  or  a  year  or  even  three  years.  It  has  to  be 
a  long-term  sustained  effort.  And  if  you  don't  have  that  long-term 
sustained  effort  and  a  commitment  so  that  researchers  know  that 
the  money  is  going  to  be  there  in  the  future,  you  really  limit  the 
success  of  the  program. 

Just  going  down  the  line,  Mr.  Johns,  we'll  start  with  you  again 
and  see  what  comments  you  might  have  on  this  issue,  whether  the 
proposal  to  tax  petroleum  either  at  the  pump  or  as  it  lands  on 
shore  so  it  applies  only  to  foreign  oil  is  one  option,  but  there  are 
many  others,  and  even  aside  from  funding  options  are  there  ways 
that  one  can  assure  the  stability  of  the  program? 

Mr.  Johns.  Well  it's  really  a  fairly  narrow  choice  in  the  sense  of 
the  price  of  fuel,  of  course,  is  the  way  we  in  a  market  economy 
would  send  a  signal.  If  the  United  States  had  a  tax  equal  to  the 
lowest  tax  of  the  industrialized  nations  we  wouldn't  have  a  deficit, 
if  we  had  a  tax  on  our  gasoline  that  was  lower  than  the  lowest  in- 
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dustrial  nation.  That  would  be  a  very  large  signal,  but  it  seems  like 
most  politicians  or  former  politicians  that  propose  that  as  a  solu- 
tion because  the  American  people  just  don't  understand  why  that 
should  be  the  case,  that  the  market  does  not  know  how  to  discount 
the  value  of  an  unknown  remaining  resource,  as  the  economists 
would  say.  So  the  political  option  just  isn't  there  to  do  that. 

The  second,  of  course,  is  to  set  CAFE  standards  or  their  equiva- 
lents and  slowly  tighten  the  screws,  and  that  drives  the  auto  indus- 
try apart  from  the  marketplace.  It  would  cause  them  to  make 
changes  to  automobiles  that  they  may  well  not  be  able  to  sell.  So 
there  is  a  limitation  as  to  how  far  one  can  go  in  that  direction. 

And,  finally,  there  is,  as  the  Proverbs  would  say,  a  vision  in  the 
notion  that  if  we  can  set  technological  goals  that  we  can  work  to- 
gether using  the  federal  R&D  enterprise  and  the  private  sector  en- 
terprise to  solve  these  problems,  then  in  effect  the  problem  becomes 
irrelevant. 

If  you  think  about  80  miles  to  the  gallon,  and  today  we  are  nomi- 
nally in  a  fleet  getting  26,  that  means  you  could  have  three  times 
the  size  of  the  fleet  and  no  increase  in  the  amount  of  fuel  consumed 
or  imported.  So  it  is  really  a  dramatic  achievement. 

I  would  also  like  to  comment  that  the  amount  of  gain  was  inten- 
tionally chosen  to  tax  the  far  end  of  a  fossil  fuel  burning  machine 
in  order  to  drive  us  towards  solutions  that  aren't  just  saving  oil, 
but  shifting  from  oil,  and  hydrogen  and  other  interesting  prospects 
are  very  much  part  of  the  R&D  goals  here.  So  it's  important. 

If  I  can  make  a  clarification.  Your  third  panel  with  Mr.  Jones, 
who  is  the  Chairman  of  the  Peer  Review  Group  of  NRC.  He  is  not 
part  of  the  management  in  the  federal  establishment.  He  leads  the 
peer  review  group  that  will  be  following  in  your  third  panel,  just 
by  clarification. 

Mr.  Ehlers.  Thank  you.  I  appreciate  that.  He's  listed  here  as  the 
Chair  of  the  PNGV  Standing  Committee. 

Mr.  Johns.  It  is  a  Standing  Committee  of  the  NRC  because  we 
wanted  annual  review,  annual  peer  review.  So  it  is  a  standing 
rather  than  an  ad  hoc  committee.  That's  the  reason. 

Mr.  Ehlers.  Thank  you. 

Mr.  Chapman. 

Mr.  Chapman.  Sir,  you  asked  almost  rhetorically  why  the  govern- 
ment should  be  caught  up  in  a  research  program  when  the  car 
companies  today  appear  to  be  so  prosperous,  and  there  of  course 
have  been  times  past,  in  the  late  '50s  and  early  '60s,  when  the  car 
companies  were  very  prosperous,  and  then  subsequently  they  were 
in  dire  straits  because  other  forces,  technological  and  others  than 
those  interposed  themselves. 

The  government's  role  in  the  program  is,  as  just  about  every  one 
of  these  speakers  have  said,  is  to  engage  in  the  long-range,  high- 
risk  research  and,  as  you  pointed  out,  that  sort  of  research  is  best 
nurtured  in  a  very  stable  climate.  We  have  suffered  a  decrease  in 
every  request  we've  made  where  funds  are  related  to  PNGV,  and 
the  most  recent  was  a  $60-  to  $70  million  cut  in  the  '96  budget. 
So  the  obvious  answer  to  your  question  is  the  very  point  that  you 
made,  that  at  least  funding  stability  through  the  life  of  the  pro- 
gram would  do  wonders  for  the  research  project. 


52 

Mr.  Ehlers.  Do  you  have  suggestions  on  how  to  provide  that  sta- 
bility of  funding? 

Mr.  Chapman.  That's  more  on  your  side  than  ours,  but  we  cer- 
tainly try  to  make  the  case  every  time  that  we  would  want  a  stable 
level  of  support. 

Mr.  Ehlers.  Thank  you. 

Dr.  Bordogna. 

Dr.  Bordogna.  I  guess  NSF's  task  here  is  at  the  intellectual  sta- 
bility end.  When  we  enter  into  partnerships  our  task  usually  is  at 
the  discovery  end  of  things.  We  pick  out  investments  in  those  areas 
that  will  lead  the  partnership  ahead,  but  it  will  create  new  knowl- 
edge and  will  educate  a  work  force. 

The  Engineering  Research  Center  at  the  University  of  Michigan, 
the  new  one,  for  example,  these  are  11-year  endeavors.  They're 
checked  periodically  to  make  sure  they  sustain  the  quality  for 
which  the  award  was  given,  but  there  is  a  commitment  here  over 
time  now  for  some  focus  on  research  areas  jointly  defined  by  the 
PNGV  group. 

How  NSF  could  influence  a  greater  investment  in  this  part  of  the 
activity  depends  on  how  NSF  can  influence  both  the  President  and 
the  Congress  that  investment  in  this  kind  of  work  is  important  for 
the  future  of  the  nation. 

I  do  want  to  emphasize  that  NSF's  role  basically  is  for  the  dis- 
covery of  knowledge  related  to  the  needs,  but  also  the  education  of 
the  work  force.  An  Engineering  Research  Center,  for  example,  is  as 
much  an  educational  paradigm  as  it  is  a  research  paradigm.  So  the 
future  work  force  to  keep  things  going  is  important  there. 

Finally,  the  partnership  we're  trying  to  sjniergize  generally  be- 
tween industry  and  academe,  this  is  part  of  this,  and  it's  a  focused 
one.  That  hopefully  has  momentum  to  carry  on  and  have  an  influ- 
ence on  the  amount  of  resources  invested  by  the  taxpayers.  So  I 
think  the  flavor  of  NSF  is  in  that  regard. 

Mr.  Ehlers.  Thank  you. 

Mr.  Gross,  do  you  have  anything  to  add? 

Mr.  Gross.  Well  let  me  see  if  I  can  add  a  thought  or  two  to  what 
has  already  been  put  before  you.  It  has  already  been  pointed  out 
that  the  costs  to  the  consiimer,  the  full  costs  associated  with  the 
energy  situation  worldwide  and  perhaps  the  environmental  situa- 
tion as  well  are  not  completely  reflected  in  the  costs  that  people  are 
paying  for  fuel,  and  as  a  result  we  have  this  tremendous  depend- 
ency on  a  single  fuel,  which  in  the  United  States  is  diminishing  in 
supply.  As  a  result  of  that,  the  customers  of  the  automotive  indus- 
try's products  do  not  put  very  much  emphasis  on  fuel  economy  and 
much  less  emphasis  than  they  did  a  few  years  ago  as  a  matter  of 
fact. 

So  industry  is  going  to  continue  to  make  its  big  profits  by  re- 
sponding to  its  customers,  and  I'm  sure  that  the  industry  panel  will 
talk  about  that  in  more  detail.  As  a  result,  the  work  that  would  be 
needed  to  avoid  a  surprise  to  the  customers,  which  is  probably 
going  to  happen  in,  we  don't  know,  three  years,  five  years  or  15 
years,  is  going  to  have  to  be  supported  some  other  way  so  that  the 
advanced  technologies  which  will  reduce  that  dependency  are  avail- 
able at  that  point  in  time  so  that  we  can  have  a  more  rapid  reac- 


53 

tion  to  the  situation.  That's  why  I  think  the  government  needs  to 
have  a  key  role. 

In  terms  of  stabihty,  I  think  unless  we  have  enough  dialogue  so 
that  the  public  generally  begins  to  understand  that  situation  bet- 
ter, as  you  pointed  out,  and  between  the  Administration  and  the 
Congress  hearings  and  other  sessions  where  we  can  compare  our 
views,  then  it  will  continue  to  be  difficult  to  get  the  stability  that 
we're  going  to  need  to  be  successful. 

Mr.  Ehlers.  Thank  you. 

We  will  next  recognize  the  Ranking  Member  for  his  round  of 
questions,  and  after  that  we  will  proceed  down  the  remaining 
Members  in  the  order  in  which  they  arrived  at  the  Committee. 

Mr.  Roemer. 

Mr.  Roemer.  Thank  you,  Mr.  Chairman. 

Again  I  apologize  for  being  a  little  bit  late  to  hear  all  of  the  open- 
ing panel's  statements,  but  in  reading  my  material  prior  to  this 
hearing  I  couldn't  help  but  be  caught  up  in  some  of  the  cynicism 
and  the  skepticism  out  there  when  this  was  first  put  together 
about  whether  or  not  the  goals  were  achievable  and  whether  or  not 
we  should  try  to  shoot  for  80  miles  per  gallon  or  100  miles  per  gal- 
lon or  some  of  the  other  ambitious  goals  that  have  been  set  for- 
ward. 

I  thought  about  it  and  I  couldn't  help  but  think  as  we  watched 
the  Oljmipics  and  if  we  go  back  in  Olympic  history  and  we  see  four 
decades  ago  nobody  thought  that  people  would  jump  over  27  feet, 
and  Bob  Beamon  chd  that.  Prior  to  these  Olympics,  nobody  thought 
that  the  women  gymnasts  had  a  chance  at  a  Gold  Medal  as  a  team, 
working  together  as  a  team  and  what  this  covmtry  could  achieve, 
and  we  did  that.  Certainly  nobody  gave  Carl  Lewis  much  of  a 
chance  to  repeat  with  his  fourth  Gold  Medal  last  night,  and  he  did 
that. 

When  I  hear  so  many  accusations  out  there  about  corporate  wel- 
fare on  this  particular  program  I  think  I  reached  some  of  the  same 
conclusions  there.  Now  I  understand  that  we  have  a  budget  deficit, 
and  I  am  one  who  proposes  cutting  programs  that  are  not  working 
very  well,  but  I  certainly  think  that  this  one  is  more  in  the  inter- 
ests of  a  proactive  private  partnership  working  together  with  our 
government  and  our  businesses  to  invest  in  what  we  can  achieve 
in  the  future. 

Mr.  Chapman,  can  you  respond  to  just  some  of  the  skepticism 
about,  you  know,  is  this  corporate  welfare  or  is  this  the  kind  of 
proactive  private  and  public  partnership  that  we  need  to  do  in  the 
future,  to  pool  our  resources  and  work  together  as  a  coimtry? 

Mr.  Chapman.  Well,  sir,  we're  very  sensitive  to  the  fact  that  this 
is  the  first  time  this  has  been  done  this  way,  and  it  has  not  been 
necessarily  an  easy  road  to  get  things  aligned  as  we  would  like,  but 
nevertheless  we  have  been  operating,  industry  and  government 
partners  with  integrated  technical  teams  addressing  the  individual 
technologies  for  the  program. 

Just  as  an  observer  I  would  say  that  the  people  that  are  caught 
up  in  this  clearly  believe  that  they  are  riding  the  wave  of  the  fii- 
ture  and  that  they  are  missionaries  for  something  that  absolutely 
must  happen. 
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And  I  think,  as  you've  heard  before,  at  the  executive  level  of 
these  companies  there  is  great  support  on  the  basis  that  their  view 
is  that  we're  addressing  important  national  goals  and  an  alternate 
of  the  old  command  and  control  approach  on  the  part  of  the  govern- 
ment that  makes  things  very  difficult. 

I  would  add  another  personal  note  that  a  year  ago  on  the  5th  of 
July  I  was  requested,  and  gave,  a  presentation  to  a  committee  of 
the  European  Commission  in  Brussels.  The  workshop  was  on  the 
"Car  of  the  future,"  and  then  it  was  described  as  being  the  largest 
gathering  of  people  of  this  sort  on  any  subject. 

Clearly  I,  in  describing  in  PNGV,  was  a  person  of  great  interest 
on  their  part,  £ind  the  questioning  at  the  time  and  the  questioning 
after  had  the  flavor  of,  "Oh,  here  you  guys  go  again.  First,  you 
went  and  you  moon  shot,  and  now  you're  marshalling  the  total  re- 
sources of  the  government,  and  if  we  Europeans  don't  get  with  it, 
you're  going  to  be  a  generation  ahead."  And  I  think  I  truly  believe 
that. 

If  we're  successful  with  regard  to  our  fuel  cells  and  our  flywheels 
and  our  ultracapacitors  and  the  things  that  we're  working  on  to  in- 
tegrate these,  we  being  the  team  now  and  the  industry,  we  truly 
will  be  a  generation  ahead  of  the  international  competition.  That's 
a  very  powerful  position  to  be  in  with  regard  to  our  competitive- 
ness, the  jobs  that  will  be  created  and  so  on,  and  to  do  that  of 
course,  as  we've  said,  it's  a  long-range  research  project,  and  we 
need  steady,  consistent  support  to  bring  these  sorts  of  things  in. 

Mr.  ROEMER.  That's  just  what  I  wanted  to  hear,  Mr.  Chapman, 
and  I  hope  I  wasn't  leading  you  to  that  answer. 

Mr.  Johns,  just  a  quick  question  for  you,  and  then  any  time  I 
have  left  over  I  would  like  to  3deld  in  addition  to  Ms.  Rivers'  time 
when  it's  her  turn  because  I  think  she  has  a  great  deal  of  interest 
in  this  subject. 

There  is  going  to  be  a  witness  that  comes  before  us  in  the  next 
panel  that  has  some  concern  about  the  level  of  attention  given  to 
pollution  prevention  in  this  progr£im.  Should  reduced  emissions  be 
one  of  our  highest  priorities? 

Mr.  Johns.  In  this  country  we  have  a  number  of  cities  in  the 
summertime  that  are  out  of  compliance  for  air  quality.  What  this 
means  of  course  is  greater  health  bills  and  people  dying  as  a  result 
of  this  environmental  burden.  It's  a  very  important  part  of  the  goal 
if  you  think  about  just  what  might  be  accomplishea  in  other  cities 
of  the  world,  Europe  in  particular,  but  also  increasingly  in  Asia. 

Our  prosperity  is  not  selling  cars  to  more  Americans.  America  is 
not  growing  that  fast  and  we  have  a  lot  of  automobiles.  Our  pros- 
perity is  dependent  on  selling  automobiles  elsewhere  in  the  world 
and  with  a  better  technology,  and  those  cities  of  the  world  all  have 
increasing  air  quality  problems,  pollution  problems. 

If  you  had  a  car  that  was  three  times  better  than  any  other, 
you're  going  to  have  the  world  beating  a  path  to  your  door.  It's 
where  real  opportunity  lies  if  you  look  at  it  from  the  environmental 
perspective,  the  excitement  of  being  able  to  have  twice  as  many 
automobiles  in  the  world  with  half  or  less  of  the  contribution  to  the 
environmental  burden. 

The  automobile  is  a  wonderful  piece  of  mobility  that  is  important 
to  everybody,  and  you  CEui't  take  that  away  from  people.  What  you 
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have  to  do  is  provide  it  in  a  manner  that  creates  the  least  burden 
environmentally.  It's  one  of  the  most  exciting  parts  of  what  could 
be  accomplished.  If  you  set  out  to  change,  to  make  the  world  a  bet- 
ter place,  a  car  that  is  one  third  as  polluting  as  the  cars  today 
would  be  one  of  the  great  goals  that  you  could  achieve. 

Mr.  ROEMER.  Thank  you,  Mr.  Johns.  I  guess  if  you  would  have 
answered  that  question  yes  or  no  or  true  or  false  I  might  have  had 
some  time  left  to  yield  to  the  gentlelady  from  Michigan,  and  I 
apologize. 

Mr.  Ehlers.  The  gentleman's  time  has  expired. 

We  will  next  recognize  Congresswoman  Rivers  followed  by  Dr. 
Bartlett. 

Ms.  Rivers.  Thank  you,  Mr.  Chairman. 

There  has  been  a  lot  of  discussion  about  whether  or  not  we  can 
afford  to  pursue  this  project,  and  I  want  to  ask  whether  we  can  af- 
ford not  to  pursue  the  project,  both  in  terms  of  our  environment 
and  whether  or  not  the  earth  is  warming  and  the  role  emissions 
play  in  that,  and  also  in  terms  of  our  worldwide  competitiveness, 
our  industries,  and  not  just  the  auto  industry. 

So  I  would  be  particularly  interested  in  hearing  from  each  of  you 
how  you  see  this  project  comparing  to  what  our  prime  competitors, 
European  and  Japanese,  are  doing  as  they  build  their  industries 
and  economies  and  look  for  a  more  efficient  vehicle. 

Mr.  Johns. 

Mr.  Johns.  I  think  there  are  two  levels  of  this.  First  of  all,  our 
economy  has  become  a  global  economy  and  our  success  in  our  econ- 
omy and  our  prosperity  is  highly  dependent  on  us  being  a  success- 
ful global  competitor  in  an  advanced  knowledge  economy  of  the 
world.  Other  nations  are  less  uncertain  about  the  wisdom  of  gov- 
ernment and  industry  cooperating  in  the  interests  of  the  future 
prosperity  of  those  nations  and  their  economic  strengths.  The  Unit- 
ed States  has  had  a  continuing  debate  over  that  for  some  time. 

Other  nations  therefore  are  a  little  better  organized  in  order  to 
have  that  cooperation.  The  Asian  nations,  the  tigers,  as  we  say, 
Taiwan  and  Singapore  and  so  on  as  well  as  the  Japanese,  have  ag- 
gressive programs  in  auto  efficiency  investments.  The  price  of  fuel 
in  Europe  is  of  course  considerably  higher.  So  the  significance  of 
having  such  vehicles  in  Europe  has  not  fallen  on  deaf  ears  in  the 
European  Community,  and  they  also  have  an  aggressive  invest- 
ment program. 

I  think  there  are  two  gains  here,  but  one  more  subtle.  The  Unit- 
ed States  has  in  the  past  few  years  had  an  adversarial  relationship 
with  industry,  one  with  more  of  a  regulatory  orientation,  and  as 
the  auto  folks  said  when  they  came  to  town,  it  was  always  to  be 
beat  up  instead  of  to  cooperate  on  engineering,  exciting  engineering 
endeavors.  They're  enjoying  coming  to  town  a  lot  more  these  days 
because  of  that  cooperation.  Other  nations  have  gotten  past  that 
point. 

So  that  notion  of  an  era  of  cooperation  of  the  federal  R&D  enter- 
prise being  responsive  to  our  economic  needs  is  I  think  an  impor- 
tant pathfinder  in  this  program,  in  addition  to  the  fact  of  oiu-  need 
to  do  this,  or  to  keep  up  in  a  glolDally  competitive  world. 

Ms.  Rivers.  To  build  on  that,  Mr.  Chapman,  given  what  Mr. 
Johns  just  said,  what  would  happen?  What  would  happen  to  where 
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we  are  today  vis-a-vis  our  competitors  if  this  program  were  contin- 
ued to  be  cut  or  would  be  scaled  back  significantly,  or  if  we  decided 
to  make  it  a  purely  private  endeavor  on  the  part  of  the  car  indus- 
tries? What  would  you  foresee  happening? 

Mr.  Chapman.  Well  I  would  like  it  if  you  asked  the  car  people 
that  question  when  they  arrive  in  the  next  panel  because  it  fun- 
damentally relates  to  the  business  environment. 

Before  coming  to  this  position  I  was  a  Vice  President  for  Govern- 
ment Programs  of  Allied  Signal,  which  is  a  company  with  a  lot  of 
people  with  sharp  pencils  and  green  eyeshades,  and  the  position  of 
basic  research  and  long-range  research  is  a  tenuous  one  in  today's 
business  climate,  and  the  investment  on  the  part  of  industry  over- 
all in  basic  research  is  continually  being  cut  back. 

The  alternatives,  I  think,  the  alternate  to  this  Mr.  Johns  ex- 
pressed very  well,  but  I  would  say  that  if  we  are  successful  in  this 
program  in  the  auto  industry,  or  with  this  program  as  a  model  any 
industry  in  the  U.S.  can  count  on  drawing  on  the  technical  re- 
sources in  our  laboratories  and  facilities,  which  in  lots  of  cases  are 
unique  and  not  duplicated  in  industry.  We  have  a  bedrock  that 
would  keep  the  U.S.,  not  only  the  auto  industry,  but  all  industries 
in  the  vanguard  very  clearly. 

Ms.  Rivers.  Dr.  Bordogna,  to  follow  up  on  Mr.  Chapman's  com- 
ments, if  you  look  at  our  competitors  and  their  willingness  to  fund 
basic  research  and  to  put  dollars  into  technology  that  they  believe 
will  ultimately  pay  off,  how  do  we  compare?  Are  we  as  willing  to 
do  that?  Are  we  keeping  up  with  them  or  are  they  pulling  ahead? 

Dr.  Bordogna.  I  think  we're  increasingly  willing  to  make  that 
investment.  You  have  to  keep  in  mind  that  the  end  result  of  all 
this  will  lead  to  fresh  wealth  which  we  can  tax  and  share  and  so 
on  which  can  get  us  out  of  a  lot  of  our  dilemmas  at  the  moment. 
So  that's  a  key  issue  here,  how  can  we  help  the  nation  create  this 
fi*esh  wealth. 

The  basis  of  doing  that  is  knowledge,  and  knowledge  can  be  used 
in  a  couple  of  different  ways.  One  is  to  make  us  more  productive, 
and  most  other  nations  are  really  stressing  that  because  you  see 
the  productivity  of  the  nations  abroad  trying  to  move  ahead.  But 
the  more  important  issue  for  fresh  wealth  is  how  can  we  innovate, 
how  can  we  take  this  new  knowledge  and  make  something  new  and 
different  out  of  it.  And  Mr.  Johns  of  course  makes  the  point  that 
this  is  a  new  and  different  kind  of  car  which  can  be  competitive 
worldwide  and  gamer  prosperity  for  us. 

The  issue  here  is  one  again  of  a  classical  one  that  you  just  can't 
develop  the  knowledge  in  the  university  and  toss  it  off  to  industry 
and  it  goes  down  the  line.  It's  a  very  complicated  process  and  we 
realize  that  now  and  it's  not  this  so-called  linear  model  in  how  to 
get  at  that.  It's  impossible  to  get  at  really  how  to  handle  this  with- 
out some  kind  of  partnership. 

So  NSF,  as  one  of  its  four  strategic  goals  is  to  promote  partner- 
ships. An  important  one  we  want  to  promote  is  a  partnership  be- 
tween academe  and  industry,  and  the  PNGV  is  a  nice  venue  for  fo- 
cusing on  that.  What  we  have  here  from  NSF's  point  of  view  is  a 
very  specific  national  need  and  a  national  movement  in  PNGV,  but 
it  helps  us  achieve  our  more  generic  end,  and  that's  to  create  a 
new,  fresh  kind  of  partnership  between  industry  and  academe  with 
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some  government  catalyst  here  that  can  move  us  to  the  new  way 
of  doing  business.  We  talk  about  industries  downsizing  their  labs 
and  so  on  and  they  look  increasingly  to  the  universities  for  the  new 
knowledge.  We  would  like  to  make  that  partnership  really  tight. 

Ms.  Rivers.  Are  you  seeing  spinoff  technologies  beginning  to  de- 
velop? I  mean  are  we  seeing  results  from  this  partnership  beyond 
simply  moving  toward  a  car? 

Dr.  BORDOGNA.  Generic.  From  NSF's  mission  point  of  view  our 
interest  is  generic  there,  to  try  to  work  on  that,  and  we're  intimate 
with  academe.  So  our  job  really  should  be  to  try  to  make  that  hap- 
pen well. 

The  last  point  I  want  to  make  here,  going  back  to  the  humanity 
of  this,  all  of  our  efforts  at  NSF  in  discovery  and  in  the  research 
end  is  a  piece  of  an  even  bigger  issue,  and  that  is  to  educate  the 
work  force.  So  having  this  industry/university  connection  gives  the 
students  and  the  professors  a  problem-rich  environment  to  look  at 
which  can  influence  the  research  they  do. 

Ms.  Rivers.  That's  interesting  because  Congress  is  a  problem- 
rich  environment. 

[Laughter.] 

Dr.  BORDOGNA.  Well,  you  know,  we  want  to  not  just  have  the 
professors  and  students  in  an  ivory  tower,  but  we  want  to  connect 
them  more,  and  when  we  do  this  we're  seeing  that  they're  more  ex- 
cited about  it.  Again  the  important  issue  here  is  that  vis-a-vis  other 
nations  we're  a  lot  more  eclectic  in  this,  we're  a  lot  more  yeasty  in 
it,  a  lot  more  free  ideas  flow  and  competition  yields  the  best  grants 
for  the  best  proposals,  and  I  don't  think  there  is  any  question  that 
the  partnership  is  important  to  make  us  beat  the  world  in  that  re- 
gard, which  we  do  have  an  edge  on. 

Mr.  Ehlers.  The  gentlewoman's  time  has  expired.  If  you  have 
pressing  questions  we  can  consider  a  second  round  later. 

I  would  also  point  out  that  Congress  is  not  only  a  problem-rich 
environment,  but  also  a  solution-rich  environment.  Unfortunately, 
most  solutions  also  create  additional  problems. 

[Laughter.] 

Congressman  Bartlett  is  next. 

And  we  recognize  the  presence  of  our  Chairman,  Mr.  Walker. 
We'll  give  you  an  opportunity  for  questions  in  just  a  moment. 

Congressman  Bartlett. 

Mr.  Bartlett.  Thank  you  very  much. 

Mr.  Chapman,  you  said  and  you  have  it  in  italics  in  your  printed 
testimony,  so  apparently  you  meant  it,  that  PNGV  is  not  corporate 
welfare.  It's  quite  obvious  I  think  that  any  manufacturer  that  pro- 
duced an  automobile  that  was  as  big  as  today's  automobiles,  per- 
formed as  well  as  today's  automobiles,  was  as  safe  as  today's  auto- 
mobiles and  got  three  times  the  mileage  ought  to  have  an  abso- 
lutely enormous  market. 

The  question  is  why  wouldn't  an  auto  manufacturer  pursue  this 
goal  without  the  involvement  of  government  since  there  obviously 
would  be  such  an  enormous  economic  incentive  to  do  so?  And  if  in- 
deed they  cannot  do  this  without  the  help  of  government,  could  not 
we  be  more  helpful  if  we  simply  relaxed  some  of  the  regulations 
that  bedevil  our  auto  industry  and  if  we  taxed  them  less  so  that 
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they  had  more  money?  Help  us,  please,  in  defending  the  federal 
contribution  to  this  development  program. 

Mr.  Chapman.  If  I  may,  I'll  split  that  in  two  parts  and  ask  my 
colleague,  Mr.  Johns,  to  address  the  second  half. 

But  with  regard  to  the  question  of  what  we're  about  here  in 
working  with  the  industry,  I  think  there  is  no  disagreement  that 
there  are  technologies  that  are  resident  in  the  government  labora- 
tories or  have  been  supported  by  the  government  that  are  well  in 
advance  of  anything  that  the  auto  industry  has  put  into  practice, 
and  these  vary  from  such  things  as  the  composite  materials  that 
are  in  the  wing  structures  of  B-2  bombers  or  117  aircraft  or 
flywheels  that  are  used  by  NASA  to  stabilize  space  platforms  or 
other  things  that  are  primarily  oriented  towards  weaponry  or  mis- 
sions of  various  agencies  in  the  way  of  whatever  they're  charted  by 
or  the  Congress  has  directed  them  to  do. 

It  is  that  sort  of  technology  which  by  its  nature  is,  first  of  all, 
very  long  range,  which  the  translation  of  it  from  a  particular  ori- 
entation with  regard  to  weaponry  or  whatever  to  automobile  appli- 
cation takes  quite  a  bit  of  research  and  time  to  nurture  and  de- 
velop. 

We  talked  earlier  about  the  business  chmate  in  which  these  com- 
panies are  operating,  and  again  you  can  ask  the  auto  people  what 
their  standard  payback  time  is,  but  in  my  days  in  the  industry  it 
was  nothing  more  than  about  two  years.  So  a  10-year  program  in 
the  auto  industry  today  is  not  something  you  stand  up  in  front  of 
the  Chairman  of  the  Board  and  get  rousing  support  for. 

So  for  all  those  reasons,  the  role  of  the  government,  the  particu- 
lar dedicated  resources  that  we  have  and  the  kind  of  technology 
that  we're  dealing  with,  as  far  as  we're  concerned  it's  a  very  good 
match  with  the  strengths  of  the  technology  community  and  the  gov- 
ernment with  the  auto  industry. 

And  I'll  turn  the  other  part  of  the  question  over  to  my  colleague. 

Mr.  Johns.  We,  of  course,  have  the  cleanest  automobiles  in  the 
world  today,  and  that's  a  result  of  regulation  and  not  inherent  good 
will.  I  mean,  the  automobile  industry  has  a  responsibility  to  their 
stockholders,  and  they  are  valued  every  morning  at  the  stock  ex- 
change based  on  their  short-term  return  on  investment,  and  they 
are  in  a  very  competitive  world. 

It  is  hard  for  them  to  take  capital  investments  that  are  achieving 
R&D  goals,  which  the  company  does  not  have  to  meet,  especially 
when  their  market  is  demanding  in  a  sense  just  the  opposite.  They 
are  demanding  more  muscle,  they  are  demanding  four-wheel 
drives,  the  big  square  automobiles  today  not  noted  for  their  elegant 
drag  coefficients,  and  as  long  as  the  marketplace  dominates,  the 
auto  industry  has  to  respond  to  that. 

In  order  for  their  R&D  dollars  to  compete,  part  of  our  invest- 
ment, which  is  a  social  investment  to  get  clean  air  because  our 
stockholders  expect  government  to  set  some  standeirds  in  those  re- 
gards, this  joint  investment  makes  the  R&D  investment  attractive 
to  the  companies. 

As  you  say,  if  they  had  such  a  car  it  would  be  a  great  success, 
but  it  requires  years  of  continuity  and  they  would  have  to  build  up 
a  capacity  that  approximates  some  of  the  federal  R&D  enterprise 
in  this  country  that  was  for  a  Stealth  aircraft  and  space  activities 
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and  so  on.  If  we  aren't  capitalizing  on  it  for  our  economic  prosper- 
ity, we're  making  a  grave  mistake. 

It  also  is  important  to  recognize  it's  a  two-way  street.  If  you  take 
a  plastic  metal  forming,  which  NASA  has  been  at  the  forefront  of 
for  spacecraft  activity,  they  showed  a  few  things  to  the  auto  indus- 
try, but  the  auto  industry  showed  a  few  things  to  NASA,  too,  and 
showed  NASA,  for  example,  how  to  accomplish  some  of  these  things 
in  a  third  to  a  fifth  of  the  time,  even  though  NASA  could  show  to 
them  an  element  at  the  cutting  edge. 

So  our  federal  enterprise,  to  accomplish  the  missions  that  it  has 
been  charged  with  by  this  Congress  and  the  Congresses  that  pre- 
ceded it,  are  indeed  technologies  that  can  make  a  difference,  and 
if  we  don't  create  the  cataljrtic  and  the  impedance  match  between 
this  capacity  and  our  industry,  we're  losing  a  great  opportunity  to 
pursue  prosperity  and  a  clean  environment. 

Mr.  Bartlett.  Thank  you.  Both  of  you  have  been  very  helpful  in 
providing  some  arguments  for  explaining  why  the  Federal  Govern- 
ment needs  to  be  involved  in  a  program  that  one  might  presume 
would  be  in  the  selfish  best  interests  of  the  industry  smd  why 
wouldn't  they  pursue  it,  or  wish  to  and  be  able  to  pursue  it  on  their 
own. 

Mr.  Chairman,  do  I  have  time  for  one  more  question,  or  should 
I  wait  for  a  second  round? 

Mr.  Ehlers.  If  it's  a  brief  one.  Your  time  has  expired,  but  if  it's 
a  brief  question  with  a  brief  answer. 

Mr.  Bartlett.  Both  Mr.  Gross  and  Mr.  Johns  pursued  a  common 
theme  in  a  part  of  their  presentation.  Our  incentives  for  pursuing 
this  program  involve  not  only  our  interest  in  the  environment,  and 
obviously  a  car  that  bums  less  fuel  will  pollute  less,  not  only  our 
interest  in  the  economy,  and  both  of  you  very  correctly  pointed  out 
that  today  we  use  a  fourth  of  all  the  world's  oil,  and  we  have  in 
this  country  foiuid  less  oil  and  pumped  less  oil  every  year  I  think 
since  the  "70s,  and  that's  simply  because  there  is  less  oil  here  to 
find  than  pump,  and  the  third  reason  for  doing  this  is  one  that  you 
gentlemen  made  plain,  that  I  think  a  majority  of  our  people  in  the 
Congress  do  not  understand  and  the  majority  of  the  people  in  the 
nation  do  not  understand,  and  my  question  is  how  do  we  apprise 
them  of  the  fact  that  oil  reserves  are  not  forever  and  that  they  are, 
using  your  terminology  a  finite  resource? 

We  do  not  know  how  finite  they  are,  and  what  you  point  out  is 
that  the  developing  nations,  when  they  industrialize  and  when  they 
demand  the  same  transportation  amenities  that  we  have,  that  our 
25  percent  of  the  world's  oil  use  is  going  to  shrink  to  a  much  small- 
er percentage  of  that,  but  the  overall  use  of  oil  in  the  world  is  going 
to  go  up  enormously. 

Considering  all  of  these  things,  what  are  oiir  finite  oil  reserves, 
gmd  how  big  an  incentive  should  this  be  to  pursue  programs  like 
this? 

Mr.  Ehlers.  I  would  ask  that  the  answer  be  briefer  than  the 
question. 

[Laughter.] 

Mr.  Johns.  Just  a  quick  cut  at  this.  Seventy-five  percent  of  our 
oil  resources  in  this  country  in  history  have  come  from  25  percent 
of  the  reservoirs  because  giants  and  supergiants  are  really  the 
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fields  that  are  the  ones  that  supply  a  nation.  We  haven't  discovered 
a  supergiant  field  since  1968,  and  we  have  been  looking  hard  in  be- 
tween, not  so  hard  in  the  last  decade,  but  looking  very  hard  for  pe- 
troleum. 

This  decline  is  very  real  that  is  taking  place  every  year,  and  it 
is  unlikely  to  turn  around,  although  there  are  some  promising  pros- 
pects in  very  deep  water  in  the  Gulf  of  Mexico  that  we're  pursuing 
actively.  It  is  not  going  to  solve  our  problems,  and  neither  is 
Anwar.  So  we  are  going  to  have  to  wean  ourselves  from  the  fossil 
era.  There  are  both  political  limits  as  well  as  physical  limits  of  the 
ability  of  the  world,  including  the  Middle  East,  to  produce  oil,  and 
those  political  limits  are  just  as  real  as  their  reservoir  limits. 

Mr.  Ehlers.  Thank  you.  That's  a  good  summary. 

Out  of  courtesy  to  our  Chairman,  who  has  graced  us  with  his 
presence,  Mr.  WaJker,  we're  pleased  to  recognize  you. 

Chairman  WALKER.  Well  Ms.  Jackson  Lee  indicated  that  she  is 
in  the  middle  of  a  markup  and  wished  to  make  a  short  statement 
before  we  got  to  me,  and  I  would  be  happy  to  accommodate  her. 

Mr.  Ehlers.  I  would  certainly  be  happy  to  do  that  if  you  don't 
object.  Thank  you. 

Ms.  Jackson  Lee. 

Ms.  Jackson  Lee.  I  thank  Chairman  Walker  for  his  indulgence 
and  courtesies,  and  I  thank  the  Chairman  of  the  Subcommittee. 

Let  me  acknowledge  to  the  gentlemen  that  my  departure  is  not 
because  of  my  lack  of  interest.  Albeit,  I  come  fi'om  the  State  of 
Texas  that  enthusiastically  produces  and  hopes  to  produce  more  oil 
and  gas  in  both  a  fiscally  responsible  and  clean  and  effective  man- 
ner. 

I  do  think  it's  important  that  this  Committee  have  oversight  over 
the  PNGV  program  and  in  fact  that  we're  engaged  in  the  kind  of 
technology  research  that  this  program  would  generate. 

I  hope  as  the  hearing  proceeds  and  the  results  are  received  by 
the  Subcommittee  Chair  that  we'll  have  an  expanded  status  report 
on  how  well  the  government  has  managed  the  program  and  what 
accomplishments  the  program  has  been  able  to  secure. 

I  would  ask  if  the  Chairman  would  accept  my  opening  statement 
to  be  submitted  unanimously  into  the  record  and  would  offer  that 
I  would  like  to  pose  questions  to  the  panel  by  writing. 

I  would  suggest  that  we  can  work  on  these  technologies  prospec- 
tively and  create  work  in  the  21st  century.  I've  always  said  that, 
that  science  is  the  work  of  the  21st  century,  and  in  fact  may  find 
the  utilization  of  fuel  cells  that  may  result  in  the  cross-poUeniza- 
tion,  if  you  will,  to  have  a  product  that  provides  for  a  new  genera- 
tion vehicle.  So  we  would  not  preclude  one  over  the  other. 

Mr.  Chairman,  again  thank  you  for  your  indulgence.  I  apologize 
for  having  to  be  in  two  places  at  once.  The  markup  is  proceeding 
as  we  speak. 

Thank  you  very  much,  and  I  yield  back.  I  assume  it  was  the  time 
of  the  Chairman. 

Mr.  Ehlers.  Without  objection,  the  gentlewoman's  opening  state- 
ment will  be  entered  in  the  record,  and  she  will  submit  questions 
in  writing  to  the  panel. 

Thank  you  for  your  attendance  for  this  time. 
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We  will  now  turn  to  the  Chairman  who  has  a  deep  interest  in 
this  subject,  and  not  only  that,  has  probably  driven  vehicles  faster 
than  anyone  in  the  room. 

Mr.  Walker. 

Chairman  WALKER.  Thank  you,  Mr.  Chairman. 

In  fact,  I  just  had  an  opportunity  the  other  week  when  I  was  in 
Europe  to  not  drive,  but  ride  in  a  hydrogen-powered  vehicle  at  100 
miles  an  hour  on  the  autobahn.  So  there  are,  in  fact,  developments 
worldwide  in  some  of  these  areas. 

I  just  in  glancing  through  the  materials  here  am  very  pleased  to 
see  some  of  the  accomplishments  and  some  of  the  intention  to  work 
on  fiiel  cell  development  as  a  part  of  the  PNGV  program.  In  my 
view,  what  we're  doing  with  this  program  is  doing  mission-oriented 
research  where  we  have  a  multiplicity  of  problems,  all  of  which  im- 
pact  on  the  major  form  of  transportation  that  we  have  in  our  soci- 
ety,  and  that  mission-oriented  research  that  is  being  done  here  I 
thiink  can  produce  some  very,  very  useful  results  for  the  nation  and 
for  the  world. 

I  am  pleased  to  see  that  in  a  lot  of  what  you're  doing  you  are 
indeed  pushing  the  envelope  by  looking  at  technologies  that  are  not 
at  least  immediately  assumed  to  be  just  over  the  hill  in  terms  of 
powering  automobiles,  and  I  think  that  that's  useful  because  I 
think  it's  very,  very  important  for  this  program  to  look  beyond  sim- 
ply what  the  product  development  is  going  to  be  here  and  to  very 
much  push  the  envelope  toward  what  the  vehicle  is  likely  look  at 
25  years  into  the  next  century  and  begin  to  move  us  in  that  direc- 
tion. 

That's  the  one  thing  that  I  was  impressed  with  in  what  I  saw 
in  Europe,  and  I  would  like  to  have  your  response  to  this.  In  Eu- 
rope, as  they  are  doing  some  of  this  development  they  are  looking 
at  the  multi-step  process  that  it  takes  to  get  them  there.  In  other 
words,  the  people  at  BMW  in  developing  hydrogen  vehicles  are 
looking  at  the  fact  that  they  probably  have  to  do  something  with 
regard  to  natural  gas  vehicles  prior  to  that  so  that  they  develop  the 
infrastructure  necessary  to  take  them  to  where  they  would  have  to 
be  in  hydrogen. 

Could  you  explain  a  little  bit  how  you're  thinking  through  this 
process,  and  how  you're  thinking  between  now  and  the  year  2025 
as  we  look  at  this  program,  and  how  we  Eire  thinking  about  the  in- 
frastructure necessary  to  support  the  new  generation  vehicle  if  it 
moves  beyond  the  fossil  fuel  economy? 

Mr.  Chapman.  Well,  first  of  all,  sir  I  would  comment  that  I  was 
at  BMW  last  year,  as  well  as  Volkswagen  and  several  other  re- 
search firms  in  Europe,  and  was  quite  impressed  with  their  Euro- 
pean methodical  approach  to  things,  tracing  all  the  way  back  to  ore 
in  the  ground  or  gas  coming  out  of  some  place  or  other  and  the  loss 
associated  therewith  and  the  efficiencies  in  the  process. 

Their  approach  to  their  "Car  of  the  Future"  is  very  much  envi- 
ronmentally-oriented in  a  broad  sense.  The  approach  that  we're 
taking  is  not  disregarding  the  environment  by  any  stretch,  but  is 
more  operating  on  the  presumption  that  if  we  have  a  more  efficient 
vehicle  that  these  other  things  therefore  fall  in  place. 

Up  to  now  we  have  really  been  trying  to  get  a  definition  of  the 
car  of  the  future  in  a  black  box  sense  in  that  we've  tried  to  sort 
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out  all  of  the  available  technologies.  We  have  been  running  a  com- 
petition, a  technical  competition  between  candidates,  so  that,  for 
instance,  in  engine  conversion,  fuel  cells  versus  turbines  versus  ad- 
vanced piston  engines,  energy  storage,  batteries  versus 
ultracapacitors  versus  flywheels  and  so  on. 

We're  at  the  stage  where  before  long  we  will  begin  to  determine 
which  of  these  are  most  appropriate  for  applying  to  the  car  of  the 
future  and  which  need  additional  research  and  so  on,  and  as  we 
start  to  make  these  choices  the  very  questions  about  the  infrastruc- 
ture will  loom  very  large.  Clearly  if  a  different  kind  of  fuel  is  called 
for  in  a  certain  device,  that  has  an  effect  on  what  kind  of  decision 
you  make  to  go  forward. 

We  have  done  a  first-cut  look  at  what  the  breadth  of  the  infra- 
structure issues  might  be,  and  each  time  we  go  back  we  find  out 
that  we  didn't  look  broad  enough.  This  was  reported  to  the  NRC 
last  summer,  and  we  picked  up  from  there  and  we're  moving  on. 
I  would  say  that  the  infrastructure  issues  are  something  that  will 
continue  well  into  the  life  of  the  program.  So  that  as  we  proceed 
we  will  move  into  specific  areas  as  we  find  that  a  given  component 
is  going  to  impact  or  have  impacts  on  the  infrastructure.  So  it's 
work  in  progress  I  guess  is  my  message. 

Chairman  Walker.  I  do  know  that  in  some  of  the  work  you've 
been  doing,  and  in  a  couple  of  briefings  I've  had  in  times  I've  been 
in  Detroit  on  the  program,  one  of  the  things  that  you  do  look  at, 
at  the  present  time,  is  cost-related  factors.  In  other  words,  hydro- 
gen, as  an  example,  has  the  problem  that  the  cost  of  producing  the 
hydrogen  to  begin  with  has  to  be  entered  into  the  long-term  costs 
of  the  vehicle  performance,  and/or  the  amoiuit  of  energy  that  is 
consumed  in  order  to  produce  has  to  be  a  part  of  the  overall  mix. 
I  realize  that  you're  doing  some  of  that. 

I  guess  I'm  also  concerned  about  how  the  program  is  following 
recent  developments.  I  just  read  the  other  day,  for  example,  that 
they  have  found  an  enzyme  that  exists  at  the  boiling  point  of  water 
that  appears  to  be  an  opportunity  to  produce  hydrogen  very  cheap- 
ly and  may  in  fact  allow  us  to  produce  hydrogen  out  of  old  news- 
paper as  an  example,  and  that  it  seems  to  me  is  a  development 
then  that  could  have  a  huge  impact  on  choosing  what  the  next  gen- 
eration of  vehicle  might  look  like  in  terms  of  performance. 

How  are  you  evaluating  those  kinds  of  developments  that  in  this 
new  generation  are  happening  very,  very  rapidly? 

Mr.  Chapman.  I  mentioned  earlier  that  we  have  10  technical 
teams  that  are  jointly  staffed  by  representatives  from  the  govern- 
ment laboratories  as  well  as  the  car  people,  and  with  one  exception 
they're  all  chaired  by  the  industry  representatives.  Additionally, 
there  are  some  six  or  eight  consortia  and  boards  or  whatever  that 
support  these.  So  within  the  materials  area  or  within  the  fuel  cell 
area  or  within  the  flywheel  area  they're  charged,  in  fact,  to  be  as 
open  and  as  aware  of  these  sorts  of  developments. 

It's  all  part  of  a  menu  with  respect  to  what  is  very  long  term  and 
should  be  followed  and  at  least  be  aware  of  versus  what's  here  and 
now  and  available  if  we  had  to  move  out  to  start  talking  in  terms 
of  a  specific  car  configuration. 

One  further  point  that  I  just  thought  I  would  mention  is  the 
Daimler  fuel  cell  vehicle,  which  is  out  driving  around  now,  has  two 
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pressure  vessels  on  top  where  they  carry  their  hydrogen.  I  think 
one  thing  that  we've  learned  is  not  to  let  ourselves  get  too  hung- 
up on  what  appear  to  be  toda/s  barriers.  There  are  ways  we  be- 
lieve for  taking  other  fuels  aboard  and  translating  that  into  hydro- 
gen on  the  vehicle  so  that  we  don't  have  these  massive  substantial 
packages  that  are  required.  So  again,  as  we  proceed  in  research  if 
we  see  barriers  we  recognize  those  as  such. 

I  think  one  of  the  reports  that  was  given  you  was  a  gray  covered 
report  called  Inventions  Needed,  and  within  there  we  list  all  these 
areas  where  we  don't  have  an  answer,  but  that's  what  we're  all 
about. 

Chairman  WALKER.  The  tankage  for  the  cryogenic  hydrogen  that 
BMW  was  using  was  very  compact  and  in  fact  fit  easily  into  the 
truck  and  left  tnmk  space  besides.  So  they  in  fact  have  dealt  with 
that  to  some  extent  by  using  cryogenic  rather  than  gaseous  hydro- 
gen for  their  vehicle. 

Mr.  Chapman.  There  are  all  these  options,  yes,  sir. 

Chairman  Walker,  Mr,  Gross. 

Mr.  Gross.  Mr.  Chairman,  I  would  just  like  to  mention  that  I 
think  early  in  the  PNGVs  Ufe  there  was  a  common  misperception 
that  we  were  working  toward  a  very  high  fiiel  economy,  but  it  was 
going  to  be  gasoline  mel.  A  number  of  times  this  was  stated  to  me 
as  why  do  you  do  that,  and  I  said  we're  not  doing  that,  and  I  think 
we're  working  to  break  down  that  perception  that  has  been  around. 

Within  our  ov^n  organization  in  the  Transportation  Technologies 
Office  in  DOE  we  have  recently  reorganized  to  form  an  Office  of 
Advanced  Automotive  Technologies  which  includes  both  the  fuel  ef- 
ficiency propulsion  system  programs,  energy  storage  programs  and 
gdtemative  fuels  responsibilities.  I  think  we  are  very  much  keying 
on  the  importance  of  meshing  the  work  in  propulsion  systems  with 
the  fuels  infi-astructure  issues  and  understand  we  must  think 
through  very  carefully  a  fuels  stratggy. 

I  would  also  mention  in  this  regard  that  I  think  it's  awfully  im- 
portant to  recognize  the  linkage  between  our  program  in  PNGV 
and  the  program  in  the  Office  of  Utility  Technologies  that  is  funded 
out  of  Energy  and  Water,  which  is  under  some  significant  budget 
pressure,  but  which  supports  a  lot  of  the  infrastructure  work  relat- 
ed to  hydrogen  in  particular  in  the  Hydrogen  Office  there. 

We  are  doing  work  along  with  them  on  hydrogen  storage,  they 
on  off-vehicle  storage  and  we  on  on-vehicle,  but  we  have  a  lot  of 
common  technology  points  of  interaction,  and  I  want  to  put  in  a 
plug,  I  guess,  that  we  look  carefully  at  their  budget  as  we  look  at 
this  hydrogen  infrastructure  issue. 

Chairman  Walker.  Well  I'm  trying  very  hard  to  hold  the  budget 
level  at  the  Hydrogen  Office  as  a  part  of  the  appropriations  proc- 
ess. I  must  say  though  it  would  be  helpful  if  the  Administration 
would  come  through  with  numbers  higher  as  well.  I  mean  the  Ad- 
ministration cut  the  number  50  percent  below  what  it  got  this  year 
in  their  budget  submission.  So  it's  awfully  hard  to  hold  it  at  this 
year's  level  with  the  Administration's  request  on  hydrogen.  So  I 
mean  both  of  us  are  going  to  have  to  work  very  hard  in  that  re- 
gard. 

One  last  comment,  if  I  could,  Mr.  Chairman,  and  that  is  it  seems 
to  me  that  one  of  the  things  that  we  all  have  to  realize  in  this,  par- 
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ticularly  those  of  us  who  are  legislators  and  have  a  role  to  play  in 
this  program,  is  that  sometimes  just  because  we  think  of  it  doesn't 
mean  it  necessarily  can  be  done,  and  I  think  of  some  of  what  is 
going  on  in  the  flywheel  technology. 

I  know  Chrysler,  in  trying  to  build  their  Patriot  race  car,  found 
that  that  is  a  very  difficult  technology  to  manage.  It  has  real  prom- 
ise, but  being  able  to  build  fljrwheels  that  have  durability  and  can 
in  fact  operate  at  the  kinds  of  speeds  that  they  do  is  a  huge  tech- 
nical challenge  that  may  be  at  the  heart  of  a  number  of  the  dif- 
ferent systems  that  you  discuss  here.  So  it's  going  to  be  very  impor- 
tant for  us  to  realize  that  some  of  these  do  represent  significant 
technical  challenges  to  get  fi*om  here  to  there. 

Thank  you,  Mr.  Chairman. 

Mr.  Ehlers.  Thank  you,  Mr.  Chairman.  We  appreciate  your  at- 
tendance here. 

I  would  comment  as  a  physicist  that  I  think  the  last  place  I 
would  put  a  flywheel  would  be  on  a  racing  car  because  of  the  gjn-o- 
scopic  effect.  If  you  have  a  light  car  and  a  heavy  fljrwheel  every 
time  you  turn  a  comer  you're  likely  to 

Chairman  WALKER.  You  ought  to  take  a  look  at  what  they  were 
looking  at  doing  with  the  Patriot  race  car.  It  was  a  fascinating  con- 
cept, and  it  really  did  have  real  promise,  but  the  problem  is  they 
weren't  able  to  keep  the  flywheel  together  for  sustained  periods  of 
time,  and  they  were  hoping  to  run  it  at  the  24-hour  race  at  Le 
Mans.  So  it  does  mean  you've  got  to  keep  it  together  for  that  period 
of  time. 

Mr.  Ehlers.  Well  thank  you,  and  I'm  intrigued  by  your  comment 
that  there  appears  to  be  a  process  for  extracting  hydrogen  from 
used  newspaper.  If  that  comes  true,  we  may  find  the  secondary  use 
is  far  better  than  the  primary  use. 

[Laughter.] 

Unless  there  are  pressing  questions  for  the  first  panel,  we  are 
seven  minutes  behind  schedule  in  moving  to  the  second  one.  I  take 
it  there  are  no  pressing  questions. 

We  do  notice  the  arrival  of  Congressman  Salmon.  We  appreciate 
your  attendance. 

We  thank  the  panel  very  much.  It  has  been  very  useful  Euid  in- 
formative, and  we  appreciate  your  coming  here  and  offering  testi- 
mony. 

We  will  now  ask  the  second  panel  to  come  forward. 

Thank  you  very  much. 

The  second  panel  will  consist  of  Mr.  Robert  F.  Mull,  the  PNGV 
Director  at  Ford  Motor  Company,  accompanied  by  his  counterparts 
at  the  other  members  of  the  Big  Three,  Mr.  Peter  Rosenfeld  fi-om 
Chrysler  and  Dr.  Ronald  York  fi-om  General  Motors  Corporation. 

In  addition,  we  have  Mr.  Trever  Jones,  Retired  Chairman  of  the 
Board  of  Libby-Owens-Ford  Company,  and  Chairman  of  the  PNGV 
Standing  Committee  of  the  National  Research  Council,  Dr.  Robert 
L.  Hirsh,  President,  Energy  Technology  Collaborative,  Incor- 
porated, and  also  a  member  of  the  PNGV  Standing  Committee  of 
the  NRC,  and  finally  Professor  Daniel  Sperling,  Director  of  the  In- 
stitute of  Transportation  Studies  at  the  University  of  California  at 
Davis. 

We  turn  first  to  Mr,  Robert  F.  Mull. 
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As  you  may  recall,  this  was  originally  two  panels.  I  was  very  con- 
cerned about  that  because,  in  my  experience,  the  third  panel  does 
not  get  treated  fairly.  Everyone  has  left  by  then.  So  I  combined  the 
two  into  one.  It  does  make  it  a  crowded  table,  but  at  least  you  all 
will  have  an  opportunity  to  offer  your  testimony  before  either  the 
audience  or  the  podium  is  empty. 

So  we  now  turn  to  Mr.  Mull  for  your  comments,  and  we  will 
allow  Mr.  Rosenfeld  and  Dr.  York  also  to  make  some  comments. 

STATEMENT  OF  ROBERT  F.  MULL,  PNGV  DIRECTOR,  FORD 
MOTOR  COMPANY,  ACCOMPANIED  BY  PETER  M. 
ROSENFELD,  PNGV  DIRECTOR,  CHRYSLER  CORPORATION; 
AND  DR.  RONALD  E.  YORK,  PNGV  DIRECTOR,  GENERAL  MO- 
TORS CORPORATION 

Mr.  Mull.  Mr.  Chairman  and  Members  of  the  Subcommittee,  I 
appreciate  the  opportrinity  to  speak  to  you  today  about  the  Part- 
nership for  a  New  Generation  of  Vehicles,  otherwise  known  of 
course  as  the  PNGV  program. 

I'm  the  Ford  Director  of  the  program.  On  my  right  is  Mr.  Peter 
Rosenfeld,  who  is  my  counterpart  at  Chrysler,  and  on  my  left  is  Dr. 
Ron  York  of  General  Motors. 

You've  heard  from  previous  speakers  about  the  objectives  of  the 
PNGV  program,  and  in  particular  the  ambitious  research  goals  of 
developing  commercially  viable  breakthrough  technologies  that 
would  deliver  up  to  three  times  the  fuel  efficiency  of  todays  mid- 
sized cars. 

We  have  defined  our  baseline  vehicle  as  a  mid-sized  family  sedan 
as  exemplified  by  the  Chrysler  Concorde,  the  Ford  Taurus  and  the 
Chevrolet  Lumina.  Our  objective  is  to  achieve  these  breakthroughs 
while  maintaining  what  is  most  important  to  consumers.  The 
consumer  mandate  includes  maintaining  affordability,  quality, 
driving  range,  performance,  interior  luggage  capacity  as  well  meet- 
ing safety  expectations. 

Our  goal  is  fi-amed  in  these  terms  so  that  the  resulting  vehicles 
will  be  appealing  to  consumers.  Market  acceptance  is  necessary  to 
have  the  impact  that  we  all  desire  to  enhance  our  nation's  energy 
security  and  environmental  quality. 

Today  I'm  going  to  give  you  an  overview  of  how  we  developed 
this  program,  including  our  management  approach,  and  how  well 
our  relationship  with  the  government  is  working. 

To  define  a  technical  strategy,  the  industry  began  by  going  back 
to  the  very  basics  of  the  energy  equation  of  moving  people  in  vehi- 
cles. The  energy  model,  shown  on  the  board  to  the  left  and  in  At- 
tachment 3  to  the  written  statement,  is  for  a  mid-sized  family 
sedan. 

Using  this  model,  ambitious  end-point  objectives  that  were 
judged  to  be  within  the  laws  of  physics  were  established  for  each 
energy  supply  and  demand  factor  shown.  Objectives  also  were  set 
for  vehicle  mass  reduction  which,  while  not  shown,  affects  all  sup- 
ply and  demand  factors.  Approximate  mid-point  objectives  then 
were  set  as  guide  posts  to  measure  whether  sufficient  progress  was 
being  made  during  the  course  of  the  research  program.  This  tech- 
nical strategy  has  provided  us  with  a  data-driven  management 
process. 
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While  all  energy  supply  and  demand  factors  must  improve,  the 
two  most  critical  are  for  the  energy  conversion  device,  or  the  power 
plant,  and  vehicle  weight.  For  the  energy  conversion  device,  our  ob- 
jective is  at  least  a  40  percent  thermal  efficiency.  This  target  is  a 
significant  improvement  over  the  approximate  25  percent  efficiency 
of  today's  spark-ignited  internal  combustion  engine.  For  vehicle 
weight  we  have  targeted  up  to  a  40  percent  reduction  mass  of  the 
total  vehicle.  Every  other  aspect  of  the  vehicle  must  make  similar 
improvements,  and  all  of  these  are  enormous  technical  challenges. 

Led  by  industry  in  consultation  with  key  government  and  univer- 
sity scientists,  the  primary  initial  competitive  technologies  for  en- 
ergy conversion  devices,  energy  storage  devices  and  mass  produc- 
tion alternatives  were  agreed  on  by  the  third  quarter  of  1994. 
These  competing  technologies  are  described  in  our  written  testi- 
mony, in  Attachment  4  and  are  reflected  on  the  schematic  of  the 
technical  organization  structure  for  the  program. 

As  shown,  we  have  three  energy  conversion  teams  made  up  of  a 
gas  turbine  team,  a  fuel  cell  team  and  a  compression  ignition  direct 
injection  team,  or  CIDI  team.  We  have  a  mechanical  energy  storage 
team  that  covers  flywheel  and  hydraulic  pneumatic  energy  storage 
and  a  battery  ultracapacitor  team  that  covers  electrochemical  en- 
ergy storage  alternatives.  The  electrical  and  electronics  team  covers 
the  range  of  power  electronics  and  motor  alternatives. 

We  have  four  cross-cut  teams  as  we  call  them.  Because  maintain- 
ing customer  affbrdability  is  a  critical  goal,  manufacturing  research 
has  been  included  from  the  start  of  the  program.  The  manufactur- 
ing team  develops  priority  generic  research  as  well  as  addresses 
manufacturing  issues  for  the  other  enabling  technologies.  The  ma- 
terial and  structures  team  likewise  works  on  research  for  the  ambi- 
tious mass  reduction  goals  as  well  as  addressing  the  material  is- 
sues of  other  technologies.  The  systems  analysis  team  is  providing 
tools  to  evaluate  tradeoff's  relative  to  integrating  the  enabling  tech- 
nologies into  systems.  The  vehicle  engineering  team  provides  direc- 
tion to  all  other  teams  as  importantly  eventually  all  components 
must  work  in  a  real  car. 

Each  team  includes  technical  representatives  from  the  auto  com- 
panies and  the  government.  Many  of  the  members  are  scientists 
from  the  federal  lab  system.  Our  teams  were  in  place  by  the  first 
quarter  of  1995. 

We  began  by  having  the  teams  define  the  technical  challenges. 
Once  the  challenges  were  defined,  the  task  of  establishing  research 
began.  As  it  turned  out,  considerable  efforts,  both  in  the  public  and 
private  sector,  already  were  underway  for  the  many  technologies. 

The  program  management  challenge  has  been  to  align  these  ex- 
isting initiatives  thereby  achieving  focus  and  discipline.  We  believe 
considerable  progress  has  been  made  in  alignment  of  research,  but 
while  we  believe  that  considerable  process  has  been  made  in  align- 
ing research,  we  recognize  that  more  research  had  to  be  established 
to  fill  gaps  in  the  program. 

Some  of  these  gaps  have  been  addressed  by  a  combination  of  col- 
laborative and  proprietary  programs  initiated  by  industry  as  well 
as  new  government  programs  primarily  within  the  Department  of 
Energy's  Office  of  Transportation  Technologies.  While  progress  is 
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being  made,  significant  gaps  in  meeting  the  enormous  technical 
challenges  remain. 

As  for  our  working  relationship  with  the  government,  we've  had 
mixed  experiences.  One  the  one  hand,  we  have  been  very  pleased 
with  the  enthusiastic  support  for  many  dedicated  technical  person- 
nel throughout  the  federal  lab  system.  Much  of  our  collaborative  re- 
search is  aligned  with  federal  agency  and  lab  missions,  and  we  be- 
lieve that  exposure  of  lab  personnel  to  our  industry  enhances  the 
labs'  capabilities  to  accomplish  their  core  missions. 

One  example  of  a  mutually  beneficial  technology  is  flame  spray- 
ing of  hardened  coatings  that  are  used  both  for  engine  bores  and 
neutron  generators.  Another  example  is  control  of  distortion  during 
heat  treatment  that  is  used  to  manufacture  transmissions  and 
weapons  components. 

We  believe  that  there  are  considerable  additional  opportunities 
for  better  alignment  of  government  research  to  address  common 
technical  chsdlenges  to  me  benefit  of  both  industry  and  govern- 
ment, and  our  government  managers  are  helping  us  to  realize 
these  additional  opportunities. 

On  the  other  hand,  the  complexities  of  dealing  with  the  Federal 
Government  are  a  continuing  challenge.  While  the  relationship  is 
not  perfect,  we  are  working  hard  and  we  are  continuously  improv- 
ing, and  we  believe  overall  the  relationship  is  working.  We  feel  that 
we  have  helped  the  government  streamline  its  administrative  proc- 
esses and  believe  that  as  a  result  of  the  program,  cooperation 
among  the  labs  is  improving. 

Another  significant  aspect  of  this  government/industry  partner- 
ship is  its  unprecedented  convening  power.  As  a  result,  we  have 
benefitted  from  strong  participation  of  the  huge  network  of  talent 
that  resides  in  our  nation's  supply  base,  small  businesses,  the  uni- 
versity system  and  individual  inventors  with  the  involvement  of 
over  400  organizations  representing  many  States.  This  effort  is  re- 
flected on  the  map  before  you.  The  result  we  believe  is  a  true  na- 
tional effort  using  strategic  alignment  to  produce  considerable 
leveraging  opportunities  for  all  parties. 

In  conclusion,  we  are  enthusiastic  about  this  program  as  an  ex- 
ample of  what  the  government/industry  partnership  can  accom- 
plish. Despite  enormous  technical  and  administrative  challenges, 
progress  is  being  made,  and  we  desire  strongly  that  a  consistent 
long-term  level  of  government  support  be  established. 

We  hope  our  testimony  has  given  the  Subcommittee  a  better  un- 
derstanding of  the  program  and  we  look  forward  to  answering  your 
questions.  Thank  you. 

Mr.  Ehlers.  Thank  you,  Mr.  Mull. 

[The  prepared  statement  fi-om  Chrysler,  Ford  and  General  Mo- 
tors follows:] 
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Chrysler,  Ford,  and  General  Motors,  which  together  comprise  the  United  States  Council 
for  Automotive  Research  (USCAR),  appreciate  the  opportunity  to  comment  on  the 
status  of  the  important  work  being  done  under  the  Partnership  for  a  New  Generation  of 
Vehicles  Program.  Through  this  initiative,  USCAR  and  government  researchers  are 
coordinating  cooperative,  pre-competitive  scientific  research  over  a  broad  cross  section 
of  technologies. 

The  goal  of  the  partnership  is  to  develop  breakthrough  technologies  that  will  improve 
fuel  efficiency  by  up  to  three  times  that  of  today's  vehicles;  industry  has  also  agreed  to 
integrate  technologies  in  conventional  vehicles  as  they  become  commercially  viable. 
Because  affordability  is  a  key  objective,  manufacturing  productivity  is  also  a  priority. 


Key  Elements  of  the  Program 


Strategic  Alignment  of  Research 

A  key  element  of  our  program  model  is  the  opportunity  to  leverage  resources  by 
working  cooperatively  on  pre-competitive  research  challenges.  The  program 
strategically  aligns  the  goals  of  the  three  industry  partners,  including  suppliers,  with 
those  federal  agencies  and  labs  that  are  engaged  in  similar  or  complementary  research 
programs.  This  process  model  produces  a  major  leveraging  opportunity  for  each 
participant  by  coordinating  many  previously  separate  projects  into  a  coherent,  focused 
program. 

The  majority  of  the  funding  for  PNGV  represents  a  continuation  of  research  efforts  for 
pre-existing  national  priorities,  many  that  pre-date  the  launch  of  the  program.  Much  of 
the  federal  funding  is  directed  to  federal  labs  and  government  agencies.  Of  the 
government  funds  flowing  to  the  USCAR  partners,  most  is  re-directed  to  suppliers 
including  small,  entrepreneurial  finns  that  are  leaders  in  the  critical  high  risk 
technologies  of  the  program.  We  wish  to  acknowledge  that  the  supplier  community  has 
contributed  significant  technical  resources  in  support  of  program  objectives.  We  believe 
this  model  will  be  successful  in  improving  efficiency  of  both  government  research 
activities  and  those  of  industry,  while  allowing  each  to  pursue  independent  but 
complementary  research  goals. 

Research  Focus 

Research  under  the  three  goals  of  PNGV  necessarily  spans  the  range  of  exploratory 
research  from  the  most  fundamental  scientific  questions  to  engineering  development  of 
new,  practical  devices.  Likewise,  funding  sources  for  this  work  also  range  widely,  and 
appropriately,  from  mainly  government  funding  for  long-range  work,  to  entirely  industry 
funding  for  shorter-term  projects.  The  following  examples  illustrate  the  nature  of 
research  activities  and  their  value  to  the  U.S.  research  establishment  and  to  American 
industry. 


70 


Materials  science  and  surface  physics  is  a  cornerstone  of  much  of  the  work  in  this 
program.  Representative  examples  include  characterizing  the  behaviors  of  new 
composite  materials  for  structural  use  and  investigating  new  diamond  and 
sprayed-metal  coatings  for  wear  surfaces.  Most  goods  manufactured  in  this  country 
could  benefit  from  breakthroughs  in  these  areas. 

Fundamental  electro-chemistry  underlying  batteries  and  ultra-capacitors  is  being 

investigated  in  order  to  select  the  chemical  systems  and  materials  most  amenable  to 
scale-up  and  development  into  practical  energy-storage  devices  for  vehicles. 
Eventual  applications  of  this  work  could  extend  to  the  computer,  electronics  and 
power  industries,  and  to  support  a  number  of  national  defense  applications. 

Work  to  understand  the  intrinsic  properties  of  membranes  and  electrodes  for  proton 
exchange  membrane  (PEM)  fuel  cells  is  leading  to  order-of-magnitude  reductions  in 
cost  for  these  components.  Ultimate  use  of  these  devices  in  both  mobile  and 
stationary  applications  could  sharply  reduce  both  civilian  and  military  fuel  demands 
and  emissions. 

Attachment  I  provides  other  examples  of  research  progress. 

The  continual  cross-fertilization  of  these  and  other  topics  under  PNGV  among 
researchers  in  universities,  federal  laboratories,  and  industry  provides  a  rich  problem 
set  for  investigation  and  stimulates  innovation  among  a  scientific  and  engineering 
workforce  with  unique  skills. 


The  Critical  Role  of  Government 

A  key  factor  contributing  to  progress  under  this  initiative  is  the  successful 
implementation  of  an  ambitious  and  unique  public/private  sector  partnership. 
Govemment  involvement  is  crucial  to  support  development  of  breakthrough 
technologies  needed  to  significantly  improve  the  next  generation  of  transportation 
vehicles  and  the  coincident  manufacturing  research  to  ensure  manufacturability  at 
world-class  levels  of  quality,  cost,  and  durability.  Although  the  market  does  not 
presently  demand  high  fuel  efficiency  vehicles,  we  believe  that  PNGV  research  goals 
are  clearly  in  the  public's  broad  interest  and  should  be  developed  as  part  of  a  mutual 
industry-government  commitment  to  environmental  stewardship. 

Government  historically  has  demonstrated  responsibility  and  commitment  to  undertake 
long-term,  high-risk,  basic  research  in  support  of  national  priorities.  In  this  case,  the 
auto  manufacturers  have  a  complementary  role,  but  our  R&D  is  more  focused  on 
meeting  the  needs  of  our  customers.  The  two  sectors  working  together  will  most 
effectively  and  efficiently  make  the  necessary  technological  advances.  As  noted 
before,  the  strategic  alignment  of  the  goals  of  manufacturers  and  suppliers  with  those  of 
federal  agencies  and  labs  that  are  engaged  in  similar  or  complementary  research 
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efforts,  should  result  in  significant  efficiencies  through  coordination  of  many  previously 
separate  or  independent  projects  into  a  cohesive  program. 

Industry/Government  Technical  Cooperation 

The  introduction  of  the  expertise  and  unique  facilities  resident  in  the  federal  lab  system 
is  one  of  the  key  structural  elements  of  the  PNGV  program.  Industry  and  the  labs  are 
working  jointly  on  research  solutions  to  common  technical  challenges.  Industry 
provides  market-sensitive  capabilities  in  high-volume,  low-cost  product  design  and 
manufacturing  know-how. 

A  number  of  valuable  relationships  between  industry  and  government  scientists  have 
developed  over  the  years,  some  pre-dating  the  formation  of  the  PNGV  program. 
Examples  of  meaningful  research  initiatives  that  have  been  established  include  our 
collaboration  in  advanced  batteries  for  electric  and  hybrid  electric  vehicles, 
weight-reduction  efforts  through  the  introduction  of  substitute  structural  composite  and 
aluminum  materials,  and  the  development  of  low-cost,  package-efficient  fuel  cells  for 
mobile  applications.  Other  work,  with  the  Department  of  the  Army,  includes 
establishment  of  research  initiatives  on  technologies  aimed  at  highly  efficient 
compression-ignition,  direct-injected  (CIDI)  engines. 

To  facilitate  government/industry  cooperation,  there  have  been  numerous  reciprocal 
visits  between  industry  R&D  personnel  and  federal  laboratories'  scientists.  We  also 
utilize  workshops  on  specialized  technical  topics  to  bring  together  researchers  from  the 
federal  laboratories,  universities,  USCAR  and  existing  and  potential  new  suppliers. 
These  workshops  and  visits  have  fostered  open  communication  about  research 
challenges  and  alternative  approaches.  Information  about  PNGV,  including  needs  and 
opportunities,  has  been  broadly  disseminated  at  public  meetings,  with  printed  reports 
and  via  the  Internet. 

We  have  been  able  to  align  resources  and  missions  to  produce  strong,  effective 
working  relationships  between  industry  and  several  government  agencies  and 
laboratories.  However,  there  are  opportunities  for  strategic  leveraging  that  are  being 
missed  and  some  existing  relationships  that  are  at  risk.  A  common  misconception  is 
that  PNGV  would  divert  resources  away  from  agency  missions.  We  have  been  working 
consistently  to  correct  these  misunderstandings  and  to  identify  technical  program 
alignments  that  produce  mutual  benefits.  In  addition,  important  existing  programs  are  in 
danger  of  being  cut  off  prematurely  because  of  both  fiscal  and  policy  constraints. 
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Industry/Government/Supplier  Pull 

The  program  is  far  more  than  a  Washington  -  Detroit  partnership.  Because  of  the 
unprecedented  convening  power  of  this  partnership  and  the  potential  broad  application 
of  the  technology  throughout  the  economy,  we  have  benefited  from  strong  participation 
of  the  huge  network  of  talent  that  resides  in  our  nation's  supply  base,  small  businesses, 
the  university  system,  and  individual  inventors  with  the  involvement  of  over  400 
organizations,  representing  virtually  every  state  in  the  nation  (reference  Attachment  II). 
This  expanded  participation  also  provides  an  alternative  pathway  for  the  technology 
developed  under  PNGV  to  flow  to  other  important  product  sectors,  including  Defense. 
The  result  is  a  true  national  effort,  using  strategic  alignment  to  produce  considerable 
leveraging  opportunities  for  all  parties. 


Other  Benefits 


Voice  of  the  Consumer 

A  critical  element  of  this  collaborative  model  is  to  use  the  voice  of  the  consumer  to 
establish  objectives  and  make  critical  business  decisions.  The  voice  of  the  consumer 
comes  to  the  PNGV  process  through  industry,  which  is  leading  the  technical  program 
and  will  make  decisions  on  which  technologies  to  integrate  and  validate  in  production 
prototypes  by  the  middle  of  the  next  decade  that  will  offer  the  same  functionality  and 
safety,  while  maintaining  the  affordability,  of  today's  conventionally  designed  vehicles. 

Budget  Reduction 

We  applaud  Congressional  efforts  to  improve  the  efficiency  of  federal  research 
investments  and  recognize  that  deficit  elimination  and  other  fiscal  priorities  may 
necessitate  some  restructuring  of  programs.  Regardless  of  the  level  of  federal  funding 
Congress  authorizes,  we  believe  that  direct  interaction  between  the  labs  and  the  private 
sector  will  result  in  the  most  efficient  utilization  of  funds.  We  are  convinced  that  direct 
interaction  with  private  sector  research  activities  on  joint  projects  should  result  in  the 
quickest  and  most  efficient  program  implementation.  We  believe  that  cooperation  and 
interaction  among  government  agencies  and  labs  is  improving.  Our  hope  is  that  this  will 
result  in  better  coordination  of  the  federal  R&D  portfolio. 

Alternative  to  the  Regulatory  Process 

PNGV  is  a  research  program  and  is  not  tied  to  the  regulatory  process.   It  does, 
however,  represent  a  new  paradigm  for  government  and  industry  to  jointly  tackle 
problems  of  common  interest  through  cooperation  and  mutual  trust.    This  program 
represents  an  important  precedent  for  a  "new  way  of  doing  business"  between  industry 
and  government  --  a  quicker,  more  efficient,  and  more  effective  way  of  reaching  societal 
goals  than  the  adversarial  and  costly  regulatory  mechanisms  relied  on  traditionally. 
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Program  Status  Update 


We  have  established  a  sensible  program  to  address  the  objectives  of  the  PNGV 
program. 

The  first  thing  the  industry  did  was  to  go  back  to  the  very  basics  of  the  energy  equation 
in  moving  people  in  vehicles.  This  model,  shown  on  Attachment  III,  is  a  1994  mid-size 
family  sedan  equivalent  to  the  Concorde,  Taurus  or  Lumina.  Using  this  model, 
ambitious  end-point  objectives,  that  were  judged  to  be  within  the  laws  of  physics,  were 
established  for  each  energy  supply  and  demand  factor  shown.  Then,  approximate 
mid-point  objectives  were  set  to  provide  guideposts  to  measure  whether  sufficient 
progress  was  being  made  during  the  course  of  the  research  program.  This  has 
provided  the  framework  for  a  data-driven  technology  management  process. 

While  all  energy  supply  and  demand  factors  must  improve,  the  two  most  critical  areas 
of  improvement  are  for  the  energy  conversion  device,  or  power  plant,  and  vehicle 
weight.  For  the  power  plant,  our  objective  is  at  least  a  40%  thermal  efficiency 
compared  with  today's  spark-ignited  internal  combustion  engine  efficiency  of  about 
25%.  For  vehicle  weight,  we  have  targeted  up  to  a  40%  reduction  in  mass  of  the  total 
vehicle.  Every  aspect  of  the  vehicle  must  make  similar  improvements.  These  are 
enormous  technical  challenges. 

Led  by  industry,  in  consultation  with  key  government  and  university  technical  personnel, 
the  primary  initial  competitive  technologies  for  energy  conversion  devices,  energy 
storage  devices  and  mass  reduction  alternatives  were  agreed  on  in  the  third  quarter  of 
1994.  These  are  described  on  Attachment  I  and  are  reflected  on  the  schematic  of  the 
technical  organization  structure  for  the  program  on  Attachment  IV.  Each  team  is  made 
up  of  the  technical  representatives  from  the  USCAR  participants  and  from  the 
government;  many  of  the  members  are  from  the  federal  lab  system.  These  teams  were 
in  place  by  the  first  quarter  of  1 995. 

A  key  task  for  the  teams  was  to  define  the  technical  challenges  that  must  be  overcome. 
Importantly,  because  maintaining  customer  affordability  is  a  critical  goal,  manufacturing 
research  has  been  included  from  the  start.  Once  the  challenges  were  defined,  with 
metrics  used  to  the  extent  possible,  research  efforts  then  had  to  be  directed  toward 
addressing  the  challenges.  As  it  turned  out,  considerable  effort  both  in  the  public  and 
private  sectors  was  already  underway  for  many  of  the  technologies.  The  program 
management  challenge  has  been  to  align  these  existing  initiatives,  thereby  achieving 
focus  and  discipline.  We  believe  considerable  progress  has  been  made  in  this 
alignment  and  in  identifying  remaining  gaps  in  the  program. 

While  many  of  the  technical  challenges  were  at  least  partially  being  addressed  by 
re-aligning  existing  research,  significantly  more  dedicated  research  had  to  be 
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established.  The  primary  source  of  funding  for  this  work  is  the  Department  of  Energy 
(DOE)  Office  of  Transportation  Technologies  (OTT).  A  common  misconception  is  that 
these  funds  flow  directly  to  the  OEMs,  when  in  fact  the  funds  primarily  go  to  suppliers 
and  labs  working  on  the  technical  challenges  for  the  high  risk  technologies  of  the 
program.  Critical  vehicle  system  research  work  also  is  funded  by  OTT  in  the  form  of  the 
Hybrid  Propulsion  System  (HPS)  programs.  ibiyuiq 

To  evaluate  the  technical  status,  the  teams  have  consensed  on  whether  progress  is  in 
the  Green,  Yellow,  or  Red  categories  for  each  technical  challenge.  These  codes  reflect 
whether  the  research  is  proceeding  on  schedule,  needs  a  greater  dedication  of 
resources,  or  is  seriously  jeopardized.  At  this  time,  considerable  Yellow  and  Red  codes 
exist  largely  because  of  the  enormous  technical  challenges  relative  to  the  resources 
provided. 

Attachment  I  describes  the  principal  areas  of  technical  development  and  highlights 
some  of  the  results  achieved  to  date.  The  list  is  not  exhaustive  and  does  not  describe 
proprietary  efforts  in  any  great  detail. 

Independent  Peer  Review 

In  April,  the  National  Research  Council  (NRC)  issued  its  second  annual  Peer  Review 
report  that  examined  the  program's  overall  technical  and  management  strategies,  and 
the  state  of  progress  after  two  years.  The  NRC  panel  noted  that  "Significant  benefits 
can  be  anticipated  from  the  program,"  but  cautioned  that  "The  technical  challenges  are 
daunting,  and, ...inventions  and  breakthroughs  are  needed  and  are  difficult  to 
anticipate".  Furthermore,  the  report  states  that  at  this  early  stage  of  the  program,  it 
would  be  premature  to  categorize  the  technologies  under  development  into  winners  and 
losers. 

The  program  has  responded  to  the  NRC  recommendations  and  benefited.  A  stronger 
effort  on  systems  analysis  has  been  implemented,  and  a  further  delineation  of  technical 
selection  criteria  has  been  developed  for  review  with  the  panel  this  fall.  Furthermore, 
the  program  has  benefited  already  from  the  identification  of  a  direct  contact  in  the  Office 
of  Management  and  Budget  to  assist  in  the  challenges  of  coordinating  this  inter-agency 
project. 

Overall,  the  NRC  concurred  in  our  selection  of  promising  technologies  and  the  specific 
technical  objectives  that  have  been  defined.  We  agree  with  the  panel  that  the 
alignment  of  resources  to  address  the  technical  challenges  has  not  been  fully 
optimized. 
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CONCLUSION 


Chrysler,  Ford,  and  General  Motors  believe  that  continuation  of  the  program  is  in  the 
best  interests  of  consumers,  our  industry,  the  government  and  the  nation.  We  believe 
that  this  important  initiative  represents  the  best  approach  to  achieving  many  national 
priorities  --  including  enhanced  environmental  protection,  reduced  energy  consumption, 
and  improved  national  competitiveness. 

We  believe  in  the  merits  of  research  being  conducted  under  collaborative  programs, 
and  are  prepared  to  maintain  a  meaningful  core  level  of  effort  and  resource  expenditure 
on  such  programs  regardless  of  short-term  fluctuations  in  the  level  of  federal  support 
necessitated  by  the  effort  to  balance  the  federal  budget.  Significant  additional  cuts, 
however,  in  the  level  of  federal  funding  undoubtedly  will  delay  achievement  of  many 
research  goals  and  perhaps  require  a  rethinking  of  the  scope  of  the  program.  We 
would  be  pleased  to  work  with  Congressional  and  government  staffs  and  others,  as 
needed,  in  an  effort  to  integrate  both  fiscal  and  research  priorities  and  to  ensure  the 
continued  success  of  this  important  initiative. 

Thank  you  for  the  opportunity  to  comment  on  the  Partnership  for  a  New  Generation  of 
Vehicles  program. 


July  30,  1996 


c:\r1m\teslimon\writlen  doc 
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Attachment    I 
EXAMPLES  OF  PNGV  TECHNICAL  ACCOMPLISHMENTS 


Energy  Conversion 


Fuel  cell  developers  continued  their  rapid  advance  in  reducing  the  size  of  the  cell  stack 
required  to  produce  sufficient  power  for  a  vehicle.  In  the  last  year,  size  was  reduced  by 
a  factor  of  two,  with  further  gains  projected.  Also,  several  developments  have  reduced 
the  projected  cost  of  fuel  cells.  These  include  a  major  reduction  in  the  catalyst  loading 
required,  scale-up  of  the  catalyst  application  process  to  permit  high  volume  production, 
and  new  materials  and  processes  for  manufacturing  bi-polar  plates  at  substantially 
lower  cost.  The  major  technical  challenge  for  fuel  cells  is  how  to  manage  the  fuel  in  the 
vehicle.  On-board  reformers  and  processors,  for  converting  liquid  fuels  (e.g.  methanol 
and  gasoline)  to  hydrogen,  have  been  demonstrated,  but  require  significant  additional 
development  to  improve  cost,  weight,  and  efficiency.    On-board  storage  of  hydrogen  is 
also  being  studied  aggressively.  The  key  challenges  are  the  low  energy  density  of 
known  hydrogen  storage  technologies  and  the  infrastructure  issues  related  to 
manufacture  and  distribution  of  the  fuel.  Programs  are  in  place  to  address  these 
challenges. 

The  Gas  Turbine  is  an  attractive  powerplant  for  a  hybrid  vehicle  because  of  its 
inherently  clean  combustion  system,  excellent  noise  and  vibration  characteristics,  high 
power  density  and  simplicity  (low  parts  count).  Progress  is  being  made  on  the  key 
challenge  of  affordable  structural  ceramics.  Ceramic  vanes  and  blades  necessary  for 
high  efficiency  turbine  operation  have  successfully  completed  1000  hour  rig  testing. 
Gelcasting,  a  lower  cost  net-shape  manufacturing  process  for  the  ceramic  rotors,  has 
been  demonstrated.  Progress  was  made  in  developing  and  demonstrating  a  low  cost 
extrusion  process  for  manufacturing  the  ceramic  regenerate  core  to  recover  turbine 
exhaust  heat. 

Compression-Ignition  Direct-Injection  (CIDI)  engines  offer  superior  fuel  economy, 
but  require  significant  reductions  in  the  emission  of  particulates  and  nitrogen  oxide  if 
this  technology  is  to  be  used  in  the  U.S.  beyond  2000.  The  key  enabling  technology  is 
a  catalytic  converter  which  must  operate  under  lean-burn  (high  oxygen)  conditions  to 
meet  future  reduced  levels  of  nitrogen  oxide  and  particulate  emissions.  A  large  number 
of  catalyst  formulations  have  been  evaluated  under  lean-burn  conditions  and 
formulations  with  prom,ising  results  have  been  selected.  Full  size  catalytic  converters 
are  being  prepared  for  on-vehicle  evaluation.  In  addition,  using  a  CIDI  engine  fitted  with 
a  quartz  window  and  advanced  laser  diagnostics,  researchers  are  able  to  see  how  the 
fuel  mixes  with  air  in  the  combustion  chamber,  how  it  auto-ignites  and  burns,  and  how 
soot  and  nitrous  oxides  are  formed.  These  detailed  observations  have  given 
researchers  a  better  understanding  of  processes  crucial  to  reducing  exhaust  emissions. 
Research  is  also  continuing  on  alternative  fuel  formulations  that  offer  potential  for 
reducing  emissions. 
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Energy  Storage  and  Electronics 


Lithium  Ion  batteries  are  one  of  the  prime  candidates  to  meet  the  high  power,  high 
energy-density  and  high  cycle-life  required  for  a  hybrid  vehicle.  They  have  potentially 
four  times  the  energy-density  of  lead  acid  batteries  and  two  to  three  times  that  of  nickel 
cadmium  and  nickel  metal  hydride  batteries.  Electrode  materials  have  been  developed 
for  lithium  ion  batteries  that  do  not  use  metallic  lithium,  thus  enhancing  safety  and  cycle 
life  of  the  battery.  These  materials  have  been  found  to  be  stable  over  the  wide 
operating  temperature  range  needed. 

Ultracapacitors  are  energy  storage  devices  with  very  high  power  density,  for  use  in 
conjunction  with  batteries  or  on  their  own.    Carbon-based  and  advanced  multi-layer 
materials  have  been  developed  with  potential  to  substantially  improve  ultracapacitor 
cost  and  performance.  These  materials  have  the  potential  for  low  cost  manufacturing, 
improved  energy-density,  low  self-discharge,  and  high  round-trip  efficiency. 

Power  Electronics  for  both  hybrid  electric  and  pure  electric  vehicles  manage  voltages 
ranging  from  12  to  300  volts,  control  currents,  and  accomplish  AC  and  DC  power 
conversions.  Cost  and  efficiency  of  the  power  electronics  are  major  challenges  for 
these  vehicles.  Because  these  are  problems  common  to  both  civilian  and  military 
power  systems,  it  is  a  fertile  area  for  collaboration.  A  U.S.  Navy  program  called  Power 
Electronics  Building  Blocks  (PEBB),  is  expected  to  yield  significant  engineering, 
manufacturing,  and  cost  benefits  to  the  automotive  industry  as  well  as  throughout  the 
defense  establishment  for  ships,  airplanes,  and  ground  vehicles. 


Mass  Reduction 


An  aluminum  body  structure  can  provide  a  50%  to  55%  reduction  in  mass,  but  the  cost 
of  aluminum  is  a  major  barrier  to  implementation.  An  aggressive  program  evaluating 
alternative  forming  and  joining  methods  and  new  alloys  is  in  place  to  lower  cost. 
Continuous  slab  casting,  which  has  the  potential  to  lower  substantially  the  cost  of 
aluminum  sheet,  has  been  used  to  manufacture  automotive-grade  sheet  material  for 
fabrication  trials.  Also,  in  the  past  year  the  number  of  medium  and  high  volume 
automotive  aluminum  body  panel  applications  has  increased  substantially,  adding  to 
confidence  in  the  forming,  joining  and  painting  of  aluminum. 

A  conceptual  design  for  a  steel  space-frame  vehicle  structure  has  been  completed. 
Although  significant  challenges  remain,  the  concept  has  the  potential  for  50  percent 
weight  reduction  while  reducing  both  manufacturing  and  tooling  costs  compared  with  a 
conventional  unitized  steel  body  structure. 

The  design  phase  for  an  Ultra  Light  Steel  Auto  Body  (ULSAB)  concept,  which  uses 
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high-performance  steel  materials  and  advanced  manufacturing  methods,  has  been 
completed.  The  concept,  which  is  in  the  testing  and  validation  process,  potentially 
saves  25%  or  more  weight  than  conventional  methods,  reduces  the  number  of 
stampings,  increases  vehicle  stiffness  and  reduces  overall  cost. 

For  polymer  composites,  a  Structural  Reaction  Injection  Molding  (SRIM)  process  was 
demonstrated  on  an  automotive  underbody  crossmember.  This  process  has  the 
potential  to  support  high-volume  automotive  production.  Progress  has  been  made  in 
understanding  and  predicting  crash  impact  energy  management  with  composites, 
including  finite  element  analysis  tools,  and  the  design  and  crash  testing  of  composite 
vehicle  front  ends. 


Manufacturing  Technology 


Powder  paints  can  reduce  emissions  from  paint  operations  because  the  paint  is 
applied  in  a  cloud  of  dry  particles  rather  than  as  a  wet  mist,  and  overspray  can  be 
collected  and  reused.  Under  USCAR,  the  Low  Emissions  Paint  Consortium  has 
undertaken  an  aggressive  program  to  develop  and  verify  a  powder  paint  clear  coat 
process  with  the  quality  and  reliability  to  be  used  commercially  to  replace  the  liquid 
clear-coat  paints  on  car  exteriors. 

Diamond-like  carbon  material  has  the  potential  to  reduce  wear  and  friction  in  critical 
automotive  power  source  components,  including:  piston  rings,  cylinders,  valve  guides 
and  stems,  and  fuel  injectors.  The  performance  of  these  carbon  coatings  has  been 
evaluated  with  promising  results,  and  several  potentially  cost-effective  methods  of 
depositing  the  coatings  have  been  evaluated. 


Vehicle  Development 

An  initial  version  of  a  new  vehicle  simulation  software  tool  has  been  developed  and  is 
being  benchmarked  to  verify  its  accuracy.  This  tool  allows  evaluation  of  performance 
and  fuel  economy  of  different  vehicle  concepts  and  configurations.  It  will  also  be  used 
for  guiding  technology  targets  and  perfonnance  requirements  of  key  vehicle 
components. 

Reduced  rolling  resistance  tires  are  key  to  improved  fuel  efficiency.    Advanced 
computational  modeling  tools  have  been  developed  for  the  design  and  manufacture  of 
automobile  tires.  The  new  predictive  capability  facilitates  tire  design  for  low  rolling 
resistance  while  maintaining  other  key  tire  performance  measures,  such  as  braking, 
handling  and  long  life. 
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Mr.  Ehlers.  Mr.  Rosenfeld. 

Mr.  Rosenfeld.  No  additional  comments,  other  than  the  testi- 
mony represents  our  collaboration. 
Mr.  Ehlers.  Thank  you.  I  appreciate  that. 
Dr.  York,  do  you  have  anything  you  wish  to  add? 
Dr.  York.  The  same.  No. 
Mr.  Ehlers.  Mr.  Trever  Jones,  we'll  turn  to  you  next. 

STATEMENT  OF  TREVER  O.  JONES,  CHAIRMAN  OF  THE  BOARD 
(RETIRED),  LIBBY-OWENS-FORD  COMPANY,  AND  CHAIRMAN, 
PNGV  STANDING  COMMITTEE,  NATIONAL  RESEARCH  COUN- 
CIL 

Mr.  Jones.  Good  afternoon.  I  am  Trever  Jones,  Chairman  of  the 
NRC-PNGV  Review  Committee.  With  me  today  on  my  right  is  Dr. 
Robert  Hirsch,  who  will  provide  comments  on  the  PNGV  program 
management. 

Since  there  was  some  perhaps  misunderstanding  on  who  NRC  is, 
the  PNGV  partnership  in  the  beginning  of  the  program  asked  that 
the  National  Academy  of  Sciences  review  the  program  on  a  periodic 
basis  for  the  organization  conduct  and  the  appropriateness  of  the 
R&D  activities  being  pursued.  The  NRC  is  in  fact  the  operating 
arm  of  the  National  Academy  of  Sciences. 

Specifically,  your  invitation  asked  that  we  testify  on  the  results 
of  our  annual  reviews  of  the  PNGV  program  and  the  program  re- 
sponsiveness to  these  recommendations. 

Let  me  start  at  the  outset  that  the  PNGV  has  made  significant 
progress  in  organizing  and  conducting  an  R&D  program  to  develop 
technologies  which  have  the  potential  to  meet  its  extremely  ambi- 
tious performance  goals  and  tight  schedules.  This  progress  is  even 
more  impressive  when  recognizing  that  PNGV  is  a  coalition  of  pri- 
vate industry  and  federal  laboratories,  that  the  USCAR  consortium 
partners  are  marketplace  competitors,  and  it  is  less  than  three 
years  since  the  program  was  initiated.  The  program  participants' 
widely  different  cultures  are  working  together  with  the  single  pur- 
pose of  developing  highly  efficient  and  cost-effective  globally  com- 
petitive automobiles  for  the  next  century. 

In  the  time  allocated  to  me  I  will  comment  on  a  number  of  topics 
which  I  believe  will  be  of  interest  to  your  Committee.  For  complete- 
ness I  have  provided  a  summary  of  our  Committee's  Phase  II  re- 
port for  the  record  of  this  meeting. 

Since  the  success  of  the  PNGV  program  relies  on  some  critical 
technology  breakthroughs,  I  feel  it  important  to  advise  you  of  some 
guidelines  adopted  by  our  Committee. 

First,  we  accepted  the  vehicle  performance  goals  and  objectives 
of  the  program  as  a  given.  I  will  not  repeat  them  here  since  you 
addressed  them  in  your  opening  comments. 

The  reason  for  our  Committee's  position  was  that  PNGV  is  a  10- 
year  R&D  program  which  must  rely  on  fundamental  technological 
breakthroughs  in  order  to  meet  the  specified  goals.  The  NRC  Com-^ 
mittee  would  have  had  to  conduct  in-depth  research  of  its  own  in 
order  to  determine  the  reasonableness  of  the  PNGV  goals  and  ob- 
jectives. The  Committee  felt  that  it  was  more  appropriate  to  mon- 
itor the  progress  of  the  PNGV  program  through  the  first  three 
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years  to  the  point  of  technology  down  select  in  December  1997,  and 
then  assess  the  state  of  technology  against  the  PNGV  goals. 

The  Committee  was  also  fully  aware  that  a  previous  NRC  study 
had  been  conducted  to  estimate  the  practical  upper  limit  of  fuel 
economy  achievable  with  contemporary  technology.  This  study  con- 
cluded that  about  half  of  the  PNGV  fiiel  economy  goal  could  be 
achieved  for  mid-sized  passenger  cars.  The  results  of  this  study 
supports  the  need  for  an  aggressive  R&D  program  in  order  to  meet 
the  PNGV  objectives. 

The  second  guideline  was  that  in  the  absence  of  compelling  data, 
the  NRC  Committee  would  not  suggest  terminating  R&D  in  any  of 
the  PNGV-selected  research  and  development  areas  during  the  first 
two  reviews  of  the  program.  The  reason  for  this  was  that  PNGV 
to  a  large  extent  was  a  continuation  of  ongoing  R&D  programs 
with  extremely  ambitious  goals,  and  to  suggest  dropping  any  ap- 
proaches in  the  first  24  months  of  a  10-year  program  would  be  in- 
appropriate. 

We  did,  however,  recommend  a  more  appropriate  balance  of  ex- 
penditures between  the  various  candidate  technologies  based  upon 
progress  in  R&D  and  improved  estimates  of  probabilities  of  success. 
We  also  decided  that  the  more  appropriate  time  to  firmly  examine 
the  potential  of  each  technology  was  during  the  technology  down 
select  analysis  at  the  end  of  1997,  which  is  a  major  PNGV  mile- 
stone. 

Our  Committee  also  reviewed  alternative  technologies  not  being 
considered  by  PNGV  and  concluded  that  no  obvious  contenders 
have  been  overlooked  or  omitted. 

The  third  guideline  I  would  like  to  address  concerns  Goals  1  and 
2  which  are  directed  towards  significantly  improving  our  national 
competitiveness  in  manufacturing,  namely  Goal  1,  and  to  imple- 
ment commercially  viable  innovations  fi:om  ongoing  PNGV  research 
on  current  vehicles,  namely  Goal  2. 

Our  Committee  has  devoted  limited  time  to  Goals  1  and  2  be- 
cause neither  goal  has  quantitative  objectives.  Hence,  measure- 
ment of  progress  is  difficult.  Also,  there  is  significantly  less  risk  as- 
sociated with  Goals  1  and  2  compared  with  Goal  3. 

Notwithstanding,  a  credible  effort  has  been  devoted  to  Goals  1 
and  2  resulting  in  the  early  introduction  of  a  number  of  useful 
ideas  and  processes.  The  PNGV  program  recently  issued  a  docu- 
ment, which  has  been  referred  to  here  many  times,  which  describes 
65  technical  accomplishments,  of  which  more  than  50  percent  can 
be  classified  as  Goal  1  and  2  achievements.  The  accomplishments 
in  this  document  are  consistent  with  our  Committee's  reviews  in 
these  areas. 

Turning  to  systems  analysis,  the  PNGV  program  is  a  very  broad 
complex  program  in  terms  of  vehicle  requirements  and  potential 
techiiology  candidates.  When  confronted  with  extremely  ambitious 
performance  goals  for  very  complex  systems,  it  is  essential  that  a 
total  systems  analysis  approach  be  used.  Such  an  approach  permits 
development  engineers  and  scientists  to  evaluate  the  influence 
component,  subsystem  and  total  vehicle  designs  on  performance  of 
many  technology  options  over  a  wide  spectrum  of  operating  condi- 
tions. It  is  highly  desirable  to  include  production  cost  in  these  mod- 
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els  in  order  to  provide  comparative  cost  information  in  support  of 
final  technology  and  design  option  selection. 

Our  NRC  Committee  feels  that  sound  systems  engineering  analy- 
sis is  fundamental  to  the  success  of  the  PNGV  program  and  man- 
datory to  the  economic  application  of  R&D  effort  and  funds.  Unfor- 
txinately,  the  initiation  of  this  activity  at  USCAR  was  almost  a  year 
late  in  getting  started.  This  was  a  critical  period  because  of  the 
closeness  of  the  1997  technology  down  select  milestone.  This  delay 
was  all  the  more  disconcerting  because  the  amount  of  funds  re- 
quired was  relatively  small  compared  with  the  total  funds  being  ex- 
pended on  PNGV. 

The  systems  analysis  effort  is  now  under  contract  and  our  Com- 
mittee will  review  its  progress  in  September  of  this  year  when  we 
commence  the  third  review  of  the  PNGV  program. 

This  delay  raises  an  important  question  which  in  turn  exposes  a 
fundamental  issue  in  the  PNGV  program.  The  basic  question  is,  did 
the  PNGV  program  languish  during  this  systems  analysis  hiatus? 
The  answer  is  no  because  each  USCAR  partner  used  its  own  sys- 
tem models  to  fully  support  their  individual  in-house  PNGV  devel- 
opment programs  and  in  a  limited  way  the  overall  PNGV  program. 
These  in-house  systems  models  are  not  fiilly  shared  between  the 
three  USCAR  partners  because  they  are  deemed  to  be  of  competi- 
tive significance  and,  hence,  proprietary. 

The  claim  by  each  of  the  USCAR  partners  as  to  what  is  and 
what  isn't  competitive  is  critical  to  the  degree  of  information  shar- 
ing and  consequently  the  extent  of  the  R&D  leverage  achievable  in 
the  PNGV  program.  The  difference  between  pre-competitive  and 
competitive  information  is  an  extremely  difficult  line  to  define. 

In  general  it  is  my  view  that  competitive  technology  advantages 
are  short  lived  because  the  industry  quickly  converges  to  a  state 
of  technological  parity.  My  observation  is  that  the  USCAR  partners 
are  overly  sensitive  or  perhaps  too  optimistic  over  the  real  competi- 
tive advantages  provided  by  their  individual  technologies  which 
they  elect  to  classify  as  proprietary. 

It  is  clearly  not  for  our  Committee  to  dictate  to  the  USCAR  part- 
ners what  should  or  should  not  be  shared.  Nevertheless,  the  NRC 
Committee  observes  that  excessive  proprietary  classification  by  the 
individual  USCAR  partners  in  the  PNGV  context  can  impede  the 
program's  progress,  increase  the  degree  of  redundancy  which  re- 
sults in  the  reduction  of  R&D  leverage  per  dollar  invested  and  thus 
defeats  an  objective  of  the  PNGV  program. 

On  technology  selection  and  assessment  I  would  like  to  review 
with  you  a  summary  chart  which  provides  our  comments  and  views 
in  a  very  broad  sense  of  the  potential  of  the  major  technologies 
under  consideration  by  the  program. 

[Chart  shown  on  screen.] 

At  the  present  time  it  is  considered  highly  likely  that  PNGV  can- 
didate vehicles  will  need  to  recapture  vehicular  kinetic  energy  dur- 
ing braking  in  order  to  meet  the  80  mile  per  gallon  fuel  economy 
target.  The  simplest  known  technique  for  tnis  is  through  electrical 
regeneration  and  energy  storage.  This  in  turn  leads  to  a  basic  deci- 
sion that  the  drivetrain  will  be  some  form  of  hybrid-electric.  The 
three  principal  energy  converters  under  consideration,  shown  in 
the  upper  left-hand  comer  of  this  chart,  are  the  diesel  engine,  tur- 
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bines  and  fuel  cells  which  would  operate  in  a  hybrid-electric  mode. 
The  leading  energy  storage  csindidate  systems  are  either  electro- 
chemical, namely  batteries,  or  electro-mechanical,  namely 
flywheels. 

Another  major  consideration  is  the  tradeoff  between  vehicle 
weight  reduction  and  improvement  in  energy  conversion  efficiency. 
Hence,  lightweight  alternative  materials,  such  as  poljoner-based 
composites,  aluminum  and  lightweight  high  alloy  steels  are  impor- 
tant candidates. 

This  chart  summarizes  the  various  technology  candidates  being 
developed,  the  critical  technological  barriers,  the  ability  of  the  tech- 
nology to  meet  the  cost  objectives  and  the  likelihood  of  meeting 
PNGV  schedules.  Two  further  columns  show  the  overall  potenti^ 
of  the  individual  technologies  regardless  of  the  schedule  and  the 
basic  current  program  needs  in  the  right-hand  column. 

In  reviewing  the  energy  conversion  or  powertrain  part  of  the  ve- 
hicle, the  direct  injected  compression  ignition,  or  diesel  engine,  is 
rated  as  having  the  highest  probability  of  meeting  the  PNGV  objec- 
tives. The  critical  research  challenge  is  to  develop  an  effective  and 
durable  catalyst  for  controlling  emissions  of  nitrogen  oxides.  More 
efforts  and  funds  are  needed  to  meet  this  challenge  within  the 
PNGV  time  frame. 

The  fuel  cell  and  turbine  are  rated  equally  at  this  point  in  time. 
In  the  absence  of  unexpected  short-term  breakthroughs,  neither 
system  is  expected  to  meet  vehicle  cost  or  schedule  requirements 
of  the  program.  On  a  long-term  basis,  the  fuel  cell  has  very  attrac- 
tive performance  and  emission  characteristics.  However,  it  will  not 
be  initially  competitive  until  an  economical  fuel  reformer  is  devel- 
oped to  generate  hydrogen  on  board  the  vehicle. 

In  terms  of  electro-chemical  energy  storage,  most  of  the  same 
problems  exist  which  prevent  the  conventional  electric  vehicle  from 
becoming  a  viable  and  economic  form  of  personal  transportation  in 
the  near  future.  There  are  significant  R&D  programs  devoted  to 
battery  breakthroughs.  However,  at  the  same  time  the  Committee 
feels  that  there  needs  to  be  more  focus  and  added  resources. 

The  flywheel  as  an  electro-mechanical  energy  storage  device 
holds  promise.  However,  there  are  some  concerns  as  to  the  safety 
of  the  device  in  vehicle  crash  situations.  As  with  batteries,  the 
Committee  feels  that  there  needs  to  be  more  focus  and  added  re- 
sources on  flywheel  R&D. 

The  final  major  category  is  materials.  The  program  has  set  an 
objective  of  a  vehicle  weight  reduction  of  up  to  1,400  pounds  or  40 
percent.  It  is  unlikely  that  this  weight  reduction  can  be  achieved 
with  steel,  and  it's  equally  unlikely  that  it  will  be  achieved  with 
polymer  composites  for  reasons  of  cost.  Aluminum  is  very  attractive 
and  production  vehicles  are  currently  being  built  with  aluminum 
bodies  today.  However,  the  most  probable  outcome  will  be  the  use 
of  all  of  these  materials  in  one  form  or  another. 

Turning  to  your  second  question  as  to  how  responsive  have  the 
PNGV  partners  been  to  the  Committee's  reports  and  recommenda- 
tions. In  general,  the  partners  have  been  responsive  and  have 
found  many  of  our  Committee's  recommendations  helpful.  As  you 
can  expect,  this  does  not  mean  that  they  agree  with  all  of  our  posi- 
tions or  accept  all  of  our  recommendations.  The  nature  of  the  part- 
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nership,  namely  one-half  competitively  industry,  and  the  other  half 
a  broad  coalition  of  a  wide  array  of  government  entities,  requires 
our  Committee  to  fully  understand  and  appreciate  the  environment 
in  which  the  program  is  being  conducted  when  providing  and  tai- 
loring these  recommendations. 

Our  Committee's  Phase  II  report  contains  20  recommendations 
for  the  PNGV  program,  most  of  which  PNGV  had  addressed  and 
accepted.  Some  are  considered  outside  the  scope  of  the  program  at 
the  present  time.  For  example,  the  impact  of  the  ultimate  vehicle 
design  on  the  national  infrastructure  related  to  vehicles  and  high- 
way transportation. 

The  final  topic  I  would  like  to  discuss  is  foreign  technology.  Even 
though  PNGV  is  an  American  program  for  the  benefit  of  American 
taxpayers,  it  is  mandatory  that  PNGV  constantly  evaluate  global 
technology  developments. 

[Chart  shown  on  screen.] 

This  chart  is  a  crude,  and  I  emphasize  a  crude  first  approxima- 
tion of  the  relative  position  of  the  United  States,  Europe  and  Japan 
in  the  development  of  critical  PNGV  technologies.  As  can  be  seen, 
the  United  States  is  not  rated  first  in  each  of  these  technologies, 
and  in  fact  is  rated  second  and  third  in  the  critical  areas  of  light- 
weight materials  and  compression  ignition  engines. 

The  internal  combustion  and  compression  ignition  engine,  Eu- 
rope is  rated  first,  Japan  second  and  the  U.S.  third. 

In  lightweight  materials,  Europe — first  in  aluminum,  Japan — 
first  in  high-strength  steel,  and  the  United  States — second. 

The  PNGV  has  responded  to  these  observations  and  it  is  the 
Committee's  understanding  that  they  are  devoting  more  attention 
to  foreign  technology  assessment  and  availability. 

I  would  now  like  to  introduce  Dr.  Robert  Hirsch  of  our  NRC 
PNGV  Committee  to  provide  some  views  on  PNGV  organization 
and  management,  unless  you  have  questions  at  this  time. 

Mr.  Ehlers.  We  will  delay  with  questions. 

[The  prepared  statement  of  Mr.  Jones  follows:] 


\ 
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Testimony  Before  the  House  Science  Committee 

on  the 
Partnership  for  a  New  Generation  of  Vehicles  (PNGV) 

by 

Trevor  O.  Jones,    Chairman  ^' 

Standing  Committee  to  Review  the  Research  Program  of  the 

Partnership  for  a  New  Generation  of  Vehicles  (PNGV) 

National  Research  Council 

July  30,  1996 

Introduction 

Good  afternoon.  I  am  Trevor  Jones,  Chairman  of  the  NRC-PNGV 
Review  Committee.  With  me  today  is  Committee  member,  Dr.  Robert 
Hirsch,  who  will  provide  comments  on  the  PNGV  Program 
Management. 

Specifically,  your  invitation  asked  that  we  testify  on  the  results  of 
our  annual  reviews  of  the  PNGV  Program  and  the  Program's 
responsiveness  to  these  recommendations. 
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Let  me  state  at  the  outset  that  PNGV  has  made  significant  progress 
in  organizing  and  conducting  an  R&D  program  to  develop  technologies 
which  have  the  potential  to  meet  its  extremely  ambitious  performance 
goals  and  tight  schedules.  This  progress  is  even  more  impressive  when 
recognizing  that  PNGV  is  a  coalition  of  private  industry  and  federal 
laboratories,  that  the  USCAR  consortium's  partners  are  marketplace 
competitors,  and  it  is  less  than  three  years  since  the  program  was 
initiated.  The  program  participants'  widely  different  cultures  are 
working  together  with  the  single  purpose  of  developing  a  highly  efficient 
and  cost  effective,  globally  competitive  automobiles  for  the  next  century. 

In  the  time  allocated  to  me,  I  wUl  comment  on  a  number  of  topics 
which  I  believe  will  be  of  interest  to  your  committee.  For  completeness, 
I  have  provided  a  Summary  of  our  Committee's  Phase  n  report  for  the 
record  of  this  meeting  and  a  copy  of  my  curriculum  vitae. 

Guidelines 

Since  the  success  of  the  PNGV  program  relies  on  some  critical 
technology  breakthroughs,  I  feel  it  important  to  advise  you  of  some 
guidelines  adopted  by  our  NRC  Committee. 
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First,  we  accepted  the  vehicle  performance  goals  and 
objectives  of  the  program  as  a  given.  In  general,  they  are 
the  equivalent  of  an  80mpg  midsize  car  which  matches  the 
performance,  passenger  comfort  and  size  of  today's  Taurus- 
Lumina-Concorde  automobiles,  while  meeting  government 
standards  for  safety  and  emissions  prevailing  in  2004.  The 
PNGV  vehicle  is  to  cost  no  more  than  the  equivalent  vehicles 
adjusted  for  economics  to  the  year  of  initial  production  in 
2004. 

The  reason  for  this  position  was  that  PNGV  is  a  ten  year 
R&D  program  which  must  rely  on  fundamental  technological 
breakthroughs  in  order  to  meet  the  specified  goals.  The 
NRC  Committee  would  have  had  to  conduct  in-depth 
research  of  its  own  in  order  to  determine  the  reasonableness 
of  the  PNGV  goals  and  objectives.  The  Committee  felt  that 
it  was  more  appropriate  to  monitor  the  progress  of  the  PNGV 
program  through  the  first  three  years  to  the  point  of 
technology  down  select  in  December  1997,  and  then  assess 
the  state  of  technology  against  the  PNGV  goals. 
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The  Committee  was  also  fully  aware  that  a  previous  NRC 
study'  had  been  conducted  to  estimate  the  practical  upper 
limit  of  fuel  economy  achievable  with  contemporary 
technology.  This  study  concluded  that  about  half  of  the 
PNGV  fuel  economy  goal  could  be  achieved  for  mid-sized 
passenger  cars.  The  results  of  this  study  supports  the  need 
for  an  aggressive  R&D  program  in  order  to  meet  the  PNGV 
objectives. 

The  second  guideline  was  that  in  the  absence  of  compelling 
data,  the  NRC  Committee  would  not  suggest  terminating 
R&D  in  any  of  the  PNGV-selected  research  and  development 
areas  during  the  first  two  reviews  of  the  program.  The 
reason  for  this  was  that  PNGV  is  an  R&D  program  with 
extremely  ambitious  goals  and  to  suggest  dropping  any 
approaches  in  the  first  24  months  of  a  ten  year  program 
would  be  counterproductive.  We  did,  however,  recommend 
a  more  appropriate  balance  of  expenditures  between  the 
various  candidate  technologies  based  upon  progress  in  R&D 
and  improved  estimates  of  probabilities  of  success.  We  also 
decided  that  the  most  appropriate  time  to  firmly  examine  the 


'     "Automotive  Fuel  Economy  -  How  Far  Should  We 
Go?"   National  Academy  Press,  1992. 
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potential  of  each  technology  was  during  the  technology  down 
select  analysis  at  the  end  of  1997  ~  a  major  PNGV 
milestone. 

Our  Committee  also  reviewed  alternate  technologies  not 
being  considered  by  PNGV  and  concluded  that  no  obvious 
contenders  have  been  overlooked  or  omitted. 

The  third  guideline  I  would  like  to  address  concerns  PNGV's 
Goals  1  and  2  which  are  directed  towards  significantly 
improving  our  national  competitiveness  in  manufacturing  - 
namely  Goal  I;  and  to  implement  commercially  viable 
innovations  from  ongoing  PNGV  research  on  current  vehicles 
-  namely  Goal  2. 

Our  NRC  Committee  has  devoted  limited  time  to  Goals  1  and 
2  because  neither  goal  has  quantitative  objectives,  hence  the 
measurement  of  progress  is  difficult.  Also,  there  is 
significandy  less  risk  associated  with  Goals  1  and  2  compared 
to  Goal  3. 

Notwithstanding,  a  credible  effort  has  been  devoted  to  Goals 
1  and  2  resulting  in  the  early  introduction  of  a  number  of 
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useful  ideas  and  processes.  The  PNGV  program  recently 
issued  a  document  on  Technical  Accomplishments,  which 
describes  65  accomplishments,  of  which  more  the  50%  can 
be  classified  as  Goal  1  and  2  achievements.  The 
accomplishments  in  this  document  are  consistent  with  our 
Committee's  reviews  in  these  areas. 

Systems  Analysis 

The  PNGV  program  is  very  broad  and  complex  in  terms  of  vehicle 
requirements  and  potential  technology  candidates.  When  confronted 
with  extremely  ambitious  performance  goals  for  very  complex  systems, 
it  is  essential  that  a  total  systems  analysis  approach  be  used.  Such  an 
approach  permits  development  engineers  and  scientists  to  evaluate  the 
influence  of  component,  subsystem  and  total  vehicle  designs  on 
performance  of  many  technology  options  over  a  wide  spectrum  of 
operating  conditions .  It  is  highly  desirable  to  include  production  cost  in 
systems  models  in  order  to  provide  comparative  cost  information  in 
support  of  final  technology  and  design  option  selection. 

Our  NRC  Committee  feels  that  sound  systems  engineering  and 
analysis  is  fundamental  to  the  success  of  the  PNGV  and  mandatory  to 
the  economic  application  of  R&D  effort  and  funds.  Unfortunately,  the 
initiation  of  this  activity  at  USCAR  was  almost  a  year  late  in  getting 
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started.  This  was  a  critical  period  because  of  the  closeness  to  the  1997 
Technology  down  select  milestone.  This  delay  was  all  the  more 
disconcerting  because  the  amount  of  funds  required  was  relatively  small 
compared  with  total  funds  being  expended  on  PNGV. 

The  systems  analysis  effort  is  now  under  contract  and  our 
Committee  will  review  its  progress  in  September  of  this  year  when  we 
commence  the  third  review  of  the  PNGV  program. 

This  delay  raises  an  important  question  which  in  turn  exposes  a 
fundamental  issue  in  the  PNGV  program.  The  basic  question  is  did  the 
PNGV  program  languish  during  this  systems  analysis  hiatus?  The 
answer  is  no  because  each  USCAR  partner  used  its  own  system  models 
to  fully  support  their  individual  in-house  PNGV  development  programs 
and  in  a  limited  way,  the  overall  PNGV  program.  These  in-house 
system  models  are  not  fully  shared  between  the  three  USCAR  partners 
because  they  are  deemed  to  be  of  competitive  significance  and  hence, 
proprietary. 

The  claim  by  each  of  the  USCAR  partners  as  to  what  is  and  what 
isn't  competitive  is  critical  to  the  degree  of  information  sharing  and 
consequendy,  the  extent  of  the  R&D  leverage  achievable  in  the  PNGV 
program.     The  difference  between  pre-competitive  and  competitive 
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information  is  an  extremely  difficult  line  to  define.  In  general,  it  is  my 
view  that  competitive  technology  advantages  are  short-lived  because  the 
industry  quickly  converges  to  a  state  of  technological  parity.  My 
observation  is  that  the  USCAR  partners  are  overly  sensitive  or  perhaps 
too  optimistic  over  the  real  competitive  advantages  provided  by  their 
individual  technologies  which  they  elect  to  classify  as  proprietary. 

It  is  clearly  not  for  our  Committee  to  dictate  to  the  USCAR 
partners  what  should  or  should  not  be  shared.  Nevertheless,  the  NRC 
Committee  observes  that  excessive  proprietary  classification  by  the 
individual  USCAR  partners  in  the  PNGV  context  can  impede  the 
program's  progress,  increase  the  degree  of  redundancy  which  results  in 
a  reduction  of  R&D  leverage  per  dollar  invested  and  thus  defeats  an 
objective  of  PNGV. 

Technology  Assessment 

I  would  like  to  review  with  you  a  summary  chart  (Table  H-1) 
which  provides  our  Committee's  view,  in  a  very  broad  sense,  of  the 
potential  of  the  major  technologies  under  consideration  and  development 
by  the  PNGV  program 

At  the  present  time  it  is  considered  highly  likely  that  PNGV 
candidate  vehicles  will  need  to  recapture  vehicular  kinetic  energy  during 


95 


braking  in  order  to  meet  the  80mpg  fuel  economy  target.  The  simplest 
known  technique  for  this  is  through  electrical  regeneration  and  energy 
storage.  This,  in  turn,  leads  to  a  basic  decision  that  the  drivetrain  will 
be  some  form  of  hybrid-electric.  The  three  principal  energy  converters 
under  consideration  are  diesel  engines,  turbines  and  fuel  cells  which 
would  operate  in  a  hybrid-electric  mode.  The  leading  energy  storage 
candidate  systems  are  either  electro-chemical,  namely  batteries,  or 
electro-mechanical,  namely  flywheels. 

Another  major  consideration  is  the  trade-off  between  vehicle 
weight  reduction  and  improvement  in  energy  conversion  efficiency. 
Hence,  lightweight  alternate  materials,  such  as  polymer-based 
composites,  aluminum  and  lightweight  high  alloy  steels  are  important 
candidates. 

This  chart  (Table  H-1)  summarizes  the  various  technology 
candidates  being  developed,  the  critical  technological  barriers,  the  ability 
of  the  technology  to  meet  the  cost  objectives  and  the  likelihood  of 
meeting  PNGV  schedules.  Two  further  columns  show  the  overall 
potential  of  the  individual  technologies  regardless  of  the  schedule  and  the 
basic  current  program  needs. 
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In  reviewing  the  energy  conversion  or  powertrain  part  of  the 
vehicle,  the  Direct  Injected  Compression  Ignition,  or  diesel  engine,  is 
rated  as  having  the  highest  probability  of  meeting  the  PNGV  objectives. 
The  critical  research  challenge  is  to  develop  an  effective  and  durable 
catalyst  for  controlling  emissions  of  Nitrogen  Oxides  (NOx).  More 
efforts  and  funds  are  needed  to  meet  this  challenge  within  the  PNGV 
schedule. 

The  fuel  cell  and  turbine  are  rated  equally  at  this  point  in  time.  In 
the  absence  of  unexpected  short-term  breakthroughs,  neither  system  is 
expected  to  meet  vehicle  cost  or  schedule  requirements  of  the  PNGV 
program.  On  a  long-term  basis,  the  fuel  cell  has  very  attractive 
performance  and  emission  characteristics.  However,  it  will  not  be 
initially  competitive  until  an  economical  fuel  reformer  is  developed  to 
generate  hydrogen  on-board  the  vehicle. 

In  terms  of  electro-chemical  energy  storage,  most  of  the  same 
problems  exist  which  prevent  the  conventional  electrical  vehicle  from 
becoming  a  viable  and  economic  form  of  personal  transportation  in  the 
near  future.  There  are  a  significant  number  of  R&D  programs  devoted 
to  battery  breakthroughs,  however,  at  the  same  time  the  committee  feels 
that  there  needs  to  be  more  focus  and  added  resources. 
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The  flywheel  as  an  electro-mechanical  energy  storage  device  holds 
promise,  however,  there  are  some  concerns  as  to  the  safety  of  the  device 
in  vehicle  crash  situations.  As  with  batteries,  the  Committee  feels  that 
there  needs  to  be  more  focus  and  added  resources  on  flywheel  R&D. 

The  final  major  element  is  materials.  The  PNGV  Program  has  set 
as  an  objective  a  vehicle  weight  reduction  of  up  to  1400  pounds  or  40%. 
It  is  unlikely  that  this  weight  reduction  can  be  achieved  with  steel  and 
it  is  equally  unlikely  that  it  will  be  achieved  with  polymer  composites 
for  reasons  of  cost.  Aluminum  is  very  attractive  and  production  vehicles 
are  cmrentiy  being  built  with  aluminum  bodies.  However,  the  most 
probable  outcome  will  be  the  use  of  all  of  these  materials  in  one  form 
or  another. 

PNGV  Response  to  NRC  Recommendations 

Turning  to  your  second  question  as  to  how  responsive  have  the 
PNGV  partners  been  to  the  Committee's  reports  and  recommendations. 
In  general,  the  PNGV  partners  have  been  responsive  and  have  found 
many  of  our  Committee's  recommendations  helpful.  As  you  can  expect, 
this  does  not  mean  that  they  agree  with  all  of  our  positions  or  accept  all 
our  recommendations.  The  nature  of  the  PNGV  partnership,  namely 
one  half  competitive  industry  and  the  other  half  a  broad  coalition  of  a 
wide  array  of  government  entities,  requires  our  Committee  to  fully 
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understand  and  appreciate  the  environment  in  which  die  program  is 
being  conducted  when  providing  recommendations. 

Our  Committee's  Phase  n  report  contains  twenty  recommendations 
for  the  PNGV  program.  Most  of  which  PNGV  has  addressed  and 
accepted.  Some  are  considered  outside  the  scope  of  the  program  at  the 
present  time;  for  example,  the  impact  of  the  ultimate  vehicle  design  on 
the  national  infrastructure  related  to  vehicles  and  highway  transportation. 

Foreign  Technology 

The  final  topic  I  would  like  to  discuss  is  foreign  technology  and 
foreign  competition.  Even  though  PNGV  is  an  American  program  for 
the  benefit  of  American  taxpayers,  it  is  mandatory  that  PNGV  constandy 
evaluate  global  automotive  technology  developments.  This  chart  (Table 
9-1)  is  a  crude  first  approximation  of  the  relative  position  of  the  United 
States,  Europe  and  Japan  in  the  development  of  critical  PNGV 
technologies.  As  can  be  seen,  the  United  States  is  not  rated  first  in  each 
of  these  technologies  and  in  fact,  is  rated  2nd  and  3rd  in  the  critical 
areas  of  lightweight  materials  and  compression  ignition  engines. 

The  PNGV  has  responded  to  these  observations  and  it  is  the 
Committee's  understanding  that  they  are  devoting  more  attention  to 
foreign  technology  assessment  and  availability. 

12 
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I  would  now  like  to  introduce  Dr.  Robert  Hirsch  of  our  NRC 
PNGV  Committee  to  provide  some  views  on  PNGV  organization  and 
management. 

Thank  you. 
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4  Review  of  the  Research  Program  of  the  PNGV— Second  Report 

TABLE  H-1  Potential  of  PNGV  Candidate  Technologies      ^ 


Critical 
Major  Technical 

Subsystems  Barriers 


Cost" 


Overall 
Likelihood       Potential 
of  Meeting       Regardless  of 
Schedule"         Schedule* 


Basic  Needs 


Hybrid  Drivetrain  Power  Sources 


DICI 

NO:,  catalyst 

Fuel  cell 

Fuel  processor/ 
reformer 
Fuel  storage 

Turbine 

Structural 

ceraimcs 
Exhaust  heat 

recovery 

Energy  Storage 

Battery 

High  cycle  life 

Ultracapacitor 

Efficiency 

Self-discharge 

Safety 

Battery/ 
ultracapacitor 

Integration 
Safety 

Flywheel 


Power 
electronics 


Safety 


Efficiency 


Lightweight  Structural  Materials 


Composite 


Aluminum 


Steel 


High  volume 
manufacture 
Crashworthiness 

High  volume 
manufacmre 
Joining 

Weight 


Low  High  High 

High  Low  Medium 


High  Low 


High 


High 


Low 


High 


Low 


Medium        High 


Medium 


Medium 


Medium       Medium  Medium 


Medium       Medium  Mediimi 


Medium       Medium  High 


High  Medium  Medium 


High 


Medium 


High 


Medium 


Resources 
Breakthroughs 

Breakthroughs 


Resources, 
focused  R&D 

Breakthroughs, 
resources 


Breakthroughs, 
resources 

Resources, 
focused  R&O 

Resources 


Resources, 
focused  R&D 


Focused  R&D 


Focused  R&D 


'  High  cost  IS  a  bamer.  as  is  low  likelihood  of  meetmg  the  PNGV  schedule. 


Long-term  potential  beyond  2004. 
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Review  of  the  Research  Program  of  the  PNGV—Second  Report 


TABLE  9-1  Preliminary  Ranking  of  U.S.,  European,  and  Japanese  Advanced 
Automotive  Technologies  


Technology 


U.S. 


Europe 


Japan 


Internal  combustion, 
compression  ignition  engine 

Internal  combustion,  spaik 
ignition  engine 

Gas  turbine 

Fuel  ceil 

Flywheel 

Battery 

Ultracapacitor 

Lightweight  materials 


2  2  1 

1  (systems)  1  (systems)  1  (components) 

Immature  technology— no  ratings  assigned 

1  1  3 

1  (high  energy)  2  1  (high  power) 

3  3  1 

2       1  (aluminum)  1  (high-strength  steel) 


Note:  1  =  highest  ranking;  3  =  lovi'est  ranking 
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Mr.  Ehlers.  Dr.  Hirsch. 

STATEMENT  OF  DR.  ROBERT  L.  HIRSCH,  PRESffiENT,  THE  EN- 
ERGY-TECHNOLOGY  COLLABORATIVE,  INC.,  AND  CHAIRMAN 
OF  THE  SUBGROUP  ON  PROGRAM  MANAGEMENT  OF  THE 
NATIONAL  RESEARCH  COUNCIL  COMMITTEE  TO  REVIEW 
THE  RESEARCH  PROGRAM  OF  THE  PNGV 

Dr.  Hirsch.  Good  afternoon.  I  am  Dr.  Robert  Hirsch,  President 
of  the  Energy  Technology  Collaborative,  Incorporated,  a  research 
and  development  brokerage  for  the  electric  power  industry. 

I  appear  before  you  today  as  the  Chairman  of  the  Subgroup  on 
Program  Management  of  the  Standing  Committee  to  Review  the 
Research  Program  of  the  Partnership  for  a  New  Generation  of  Ve- 
hicles of  the  National  Research  Council  Board  on  Energy  and  Envi- 
ronmental Systems. 

My  brief  remarks  will  highlight  some  of  the  points  that  our  Com- 
mittee made  in  Chapter  9  of  our  second  report  published  in  March 
of  1996  and  which  Trever  Jones  has  just  so  ably  outlined  for  you. 

Management  of  the  PNGV  program  represents  a  major  challenge 
requiring  technological  innovation,  integration  of  complex  elements, 
minimum  product  cost,  high  product  reliability,  environmental  pro- 
tection, passenger  safety  and  enhanced  competitiveness.  The  in- 
volvement of  the  three  major  U.S.  auto  companies,  Chrysler,  Ford 
and  General  Motors,  which  are  traditionally  competitors  rather 
than  collaborators,  together  with  several  government  agencies  and 
national  laboratories  adds  an  additional  major  challenge. 

During  the  past  year  the  PNGV  has  solidified  its  technical  orga- 
nization structure.  Central  to  the  organization  are  the  technical 
teams  responsible  for  R&D  on  candidate  subsystems.  Technical 
oversight  and  coordination  are  provided  by  the  Vehicle  Engineering 
Team.  The  teams  are  staffed  by  representatives  from  government 
and  industry.  Our  Committee  determined  that  these  teams  appear 
to  be  effectively  organized  and  working  towards  specific  objectives. 

The  PNGV  Technical  Roadmap  provides  an  overall  program 
schedule  as  well  as  schedules  for  the  various  technology  teams.  All 
appears  to  be  in  line  with  program  objectives  as  would  be  expected 
for  a  roadmap  in  its  infancy. 

A  major  issue  of  concern  to  our  Review  Committee  is  the  level 
of  funding  for  the  government  part  of  the  PNGV  program.  The 
PNGV  program  plan  included  estimates  of  required  government 
funding  levels  which  were  to  grow  over  time.  These  levels  were 
considered  essential  to  program  success  and  were  based  in  part  on 
the  expectation  that  the  government  partners  would  fund  longer- 
term,  higher-risk  technologies  while  the  industry  partners  would 
fund  short-term,  lower-risk  technologies. 

It  is  now  known  that  the  FY  1996  federal  budget  for  the  various 
PNGV  programs  was  reduced  below  that  requested.  Because  the 
final  PNGV  budgets  were  not  known  when  our  second  report  was 
prepared,  the  Committee  was  unable  to  judge  the  impact  of  the  re- 
ductions on  the  overall  PNGV  schedule. 

Without  question,  the  budget  reductions  will  delay  milestone 
achievement  and  increase  the  risk  associated  with  meeting  the 
technical  objectives  unless  a  reallocation  of  resources  to  the  most 
promising  candidate  subsystems  occurs  within  the  PNGV  program. 
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The  problem  is  compounded  by  the  fact  that  the  government  pro- 
gram manager  does  not  have  the  authority  to  redeploy  existing 
funds  to  the  highest  priority  projects. 

As  noted  in  our  Committee's  second  report  and  as  recommended 
in  its  first  report,  the  Committee  continues  to  believe  that  with  re- 
spect to  detailed  program  management  the  industry  partners 
would  be  well  served  by  having  a  single  technical  director  in 
USCAR.  The  absence  of  such  technical  leadership  has  resulted  in 
the  USCAR  members  of  the  PNGV  being  unable  to  use  the  lever- 
age of  an  integrated  organization  in  pursuit  of  the  program  goals. 

Many  of  the  current  program  difficulties — the  delay  in  starting 
systems  analysis  work,  the  complexities  resulting  from  the  decision 
to  develop  separate  concept  vehicles,  and  the  very  limited  amount 
of  time  being  spent  on  USCAR/PNGV  business  by  some  staff — 
could  all  be  addressed  more  effectively  if  the  USCAR  members  of 
the  PNGV  formed  an  integrated  working  group  under  a  single  tech- 
nical director.  The  responsibilities  of  a  USCAR  technical  director 
would  include  establishing  appropriate  operating  procedures  and 
control  mechanisms. 

On  the  government  side  our  Review  Committee  continues  to  con- 
sider strong  central  program  management  essential  to  the  success 
of  the  program.  The  government  currently  lacks  an  effective  pro- 
gram management  organization  £ind  is  also  in  need  of  a  chief  tech- 
nical officer  to  provide  direction  and  leadership  to  the  many  federal 
organizations  supporting  PNGV. 

The  program  management  office,  located  in  the  Department  of 
Commerce,  operates  more  as  an  information  office  than  as  a  pro- 
gram director's  office.  The  staff  of  the  program  management  office 
has  essentially  no  authority  to  impact  the  program  other  than 
through  personal  persuasion.  PNGV  program  management  at  the 
DOE  similarly  is  not  empowered  to  directly  influence  the  array  of 
federal  projects  potentially  contributing  to  the  PNGV  initiative. 
The  majority  of  these  projects  were  initiated  before  the  advent  of 
the  PNGV  program  and  therefore  respond  in  var3ring  degrees  to 
PNGV  needs. 

One  result  of  this  management  arrangement  is  that  when  the 
technology  down  select  occurs  in  1997  PNGV  management  on  the 
government  side  will  have  little  or  no  ability  to  participate  actively 
in  that  process  or  to  redeploy  funds  from  less  significant  projects 
to  more  important  ones.  Consequently,  high-priority  projects  may 
not  be  adequately  funded,  and  projects  of  less  relevance  to  PNGV, 
albeit  possibly  justified  for  other  purposes,  may  be  funded. 

Finally,  the  PNGV  plan  does  not  show  regular  program  reviews 
either  by  participants  or  through  independent  reviews.  Both  Na- 
tional Research  Council  reports  on  the  PNGV  research  program, 
the  first  issued  in  October  of  1994  and  the  second  in  March  of 
1996,  have  been  acknowledged  to  be  extremely  valuable  in  provid- 
ing important  findings  and  recommendations.  Our  Committee  sug- 
gests that  regular  program  reviews  be  explicitly  scheduled  in  the 
PNGV  program  plan  and  that  an  appropriate  budget  be  earmarked 
for  this  purpose. 

Three  of  our  Committee's  important  recommendations  in  its  sec- 
ond report  are  as  follows: 
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One,  our  Committee  still  strongly  recommends  that  the  partners 
in  USCAR  appoint  a  single  technical  director  as  a  way  of  benefit- 
ting from  the  leverage  of  an  integrated  organization  in  pursuit  of 
PNGV  goals. 

Two,  our  Committee  reiterates  its  earlier  recommendation  that 
senior  management  in  the  Departments  of  Commerce  and  Energy 
install  a  management  structure  with  appropriate  authority  and  re- 
sponsibility as  soon  as  possible  and  ensure  strong  capable  staffing. 
This  structure  should  include  a  chief  technical  officer  to  provide 
technical  direction  to  the  wide  array  of  government  technical  activi- 
ties. The  role  of  the  chief  technical  officer  becomes  even  more  criti- 
cal in  the  absence  of  a  single  USCAR  technical  program  director. 

Three,  and,  finally,  to  be  successful  a  complex  development  pro- 
gram such  as  PNGV  must  have  well-defiined  plans  and  objectives, 
adequate  resources  and  sufficient  funding.  It  is  incumbent  upon 
both  USCAR  and  the  government  to  ensure  that  adequate  re- 
sources for  the  PNGV  program  are  provided  in  a  timely  manner 
and  used  effectively  in  overcoming  the  critical  barriers  in  achieving 
PNGV  goals. 

That  concludes  my  prepared  remarks,  Mr.  Chairman. 

Mr.  Ehlers.  Thank  you  very  much.  I  appreciate  those  remarks, 
particularly  about  management,  and  the  recommendations, 

[The  prepared  statement  of  Dr.  Hirsch  follows:] 
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Good  afternoon.  I  am  Dr.  Robert  L.  Hirsch,  President  of  the  Energy  Technology 
Collaborative,  Inc.,  a  research  and  development  brokerage  for  the  electric  power  industry. 
I  appear  before  you  today  as  the  Chairman  of  the  Subgroup  on  Program  Management  of 
the  Standing  Committee  to  Review  the  Research  Program  of  the  Partnership  for  a  New 
Generation  of  Vehicles  of  the  National  Research  Council,  Board  on  Energy  and 
Environmental  Systems.  My  brief  remarks  will  highlight  some  of  the  points  that  our 
Committee  made  in  Chapter  9  of  its  second  report,  which  was  published  in  March,  1996 
and  which  Trevor  Jones  has  just  so  ably  outlined  for  you. 

Management  of  the  PNGV  program  represents  a  major  challenge,  requiring 
technological  innovation,  integration  of  complex  elements,  minimum  product  cost,  high 
product  reliability,  environmental  protection,  passenger  safety,  and  enhanced 
competitiveness.  The  involvement  of  the  three  major  U.S.  automotive  companies 
Chrysler,  Ford,  and  General  Motors  which  are  traditionally  competitors  rather  than 
collaborators,  together  with  several  government  agencies  and  national  laboratories  adds  an 
additional  major  challenge, 

.  During  the  past  year,  the  PNGV  has  solidified  its  technical  organization  structure. 
Central  to  the  organization  are  the  technical  teams  responsible  for  R&D  on  candidate 
subsystems.  Technical  oversight  and  coordination  are  provided  by  the  Vehicle 
Engineering  Team.  The  teams  are  staffed  by  representatives  from  government  and 
industry.  The  committee  determined  that  these  teams  appear  to  be  effectively  organized 
and  working  towards  specific  objectives. 

The  PNGV  Technical  Roadmap  includes  an  overall  program  schedule  as  well  as 
schedules  for  the  various  technology  teams.  All  appears  to  be  in  line  with  program 
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objectives  as  would  be  expected  for  a  roadmap  in  its  infancy. 

A  major  issue  of  concern  to  our  review  committee  is  the  level  of  funding  for  the 
government  part  of  the  PNGV  program  The  PNGV  program  plan  included  estimates  of 
required  government  funding  levels,  which  were  to  grow  over  time.  These  levels  were 
considered  essential  to  program  success  and  were  based,  in  part,  on  the  expectation  that 
the  government  partners  would  flind  longer  term,  higher  risk  technologies;  the  industry 
partners  would  fijnd  shorter  term,  lower  risk  technologies. 

It  is  now  known  that  the  FY  1996  federal  budget  for  the  various  PNGV  programs 
was  reduced  below  that  requested.  Because  the  final  PNGV  budgets  were  not  known 
when  the  second  report  was  prepared,  the  committee  was  unable  to  judge  the  impact  of 
the  reductions  on  the  overall  PNGV  schedule.  Without  question,  the  budget  reductions 
will  delay  milestone  achievement  and  increase  the  risk  associated  with  meeting  the 
technical  objectives,  unless  a  reallocation  of  resources  to  the  most  promising  candidate 
subsystems  occurs  within  the  PNGV  program.  The  problem  is  compounded  by  the  fact 
that  the  government  program,  manager  does  not  have  the  authority  to  redeploy  existing 
funds  to  the  highest  priority  projects. 

As  noted  in  the  committee's  second  report,  and  as  recommended  in  its  first  report, 
the  committee  continues  to  believe  that,  with  respect  to  detailed  program  management, 
the  industry  partners  would  be  well  served  by  having  a  single  technical  director  in 
USCAR.  The  absence  of  such  technical  leadership  has  resulted  in  the  USCAR  members 
of  the  PNGV  being  unable  to  use  the  leverage  of  an  integrated  organization  in  pursuit  of 
the  program  goals.  Many  of  the  current  program  difficulties—the  delay  in  starting  systems 
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analysis  work,  the  complexities  resulting  from  the  decision  to  develop  separate  concept 
vehicles,  and  the  very  limited  amount  of  time  being  spent  on  USCAR/PNGV  business  by 
some  staff— could  all  be  addressed  more  effectively  if  the  USCAR  members  of  the  PNGV 
formed  an  integated  working  group  under  a  single  technical  director,  rather  than  being  a 
team  in  name  only.  The  responsbilities  of  a  USCAR  technical  director  would  include 
establishing  appropriate  operating  procedures  and  control  mechanisms. 

On  the  government  side,  our  review  committee  continues  to  consider  strong 
central  program  management  essential  to  the  success  of  the  program.  The  government 
currently  lacks  an  effective  program  management  organization  and  is  also  in  need  of  a 
chief  technical  officer  to  provide  direction  and  leadership  to  the  many  federal 
organizations  supporting  PNGV.  The  program  management  office,  located  in  the  DOC, 
operates  more  as  an  information  office  than  as  a  program  directors  office.  The  staff  of  the 
program  management  office  have  essentially  no  authority  to  impact  the  federal  program 
other  than  through  personal  persuasion.  PNGV  management  at  the  DOE  similarly  is  not 
empowered  to  directly  influence  the  array  of  federal  projects  potentially  contributing  to 
the  PNGV  initiative.  The  majority  of  these  projects  were  initiated  before  the  advent  of  the 
PNGV  program  and,  therefore,  respond  in  varying  degrees  to  PNGV  needs. 

One  result  of  this  management  arrangement  is  that,  when  the  technology  down 
select  occurs  in  1 997,  PNGV  management  on  the  government  side  will  have  little  or  no 
ability  to  participate  actively  in  that  process  or  to  redeploy  funds  from  less  significant 
projects  to  more  important  ones.  Consequently,  high  priority  projects  may  not  be 
adequately  funded,  and  projects  of  less  relevance  to  PNGV,  albeit  possibly  justified  for 
other  purposes,  may  be  funded. 
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Finally,  the  PNGV  plan  does  not  show  regular  program  reviews  either  by  the 
participants  or  through  independent  reviews.  Both  NRC  reports  on  the  PNGV  research 
program,  the  first  issued  in  October,  1994  and  the  second  in  March,  1996,  have  been 
acknowledged  to  be  extremely  valuable  in  providing  important  findings  and 
recommendations.  The  committee  suggests  that  regular  program  reviews  be  explicitly 
scheduled  in  the  PNGV  plan  and  that  an  appropriate  budget  be  earmarked  for  this 
purpose. 
Three  of  the  Committee's  important  recommendations  in  its  second  report  are  as  follows: 

1.  The  committee  still  strongly  recommends  that  the  partners  in  USCAR  appoint  a  single 
technical  director  as  a  way  of  benefitting  from  the  leverage  of  an  integrated  organization 
in  pursuit  of  PNGV  goals. 

2.  The  committee  reiterates  its  earlier  recommendation  that  senior  management  at  DOC 
and  DOE  install  a  management  structure  with  appropriate  authority  and  responsibility  as 
soon  as  possible  and  ensure  strong,  capable  staffmg.  This  structure  should  include  a  chief 
technical  officer  to  provide  technical  direction  to  the  wide  array  of  government  technical 
activities.  The  role  of  the  chief  technical  officer  becomes  even  more  critical  in  the 
absence  of  a  single  USCAR  technical  program  director. 

3 .  To  be  successful,  a  complex  development  program  such  as  PNGV  must  have  well 
defined  plans  and  objectives,  adequate  resources,  and  the  support  of  sufficient  funding.  It 
is  incumbent  upon  both  USCAR  and  the  government  to  ensure  that  adequate  resources 
for  the  PNGV  program  are  provided  in  a  timely  manner  and  used  efficiently  in 
overcoming  the  critical  barriers  to  achieving  PNGV  goals. 
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Mr.  Ehlers.  Finally,  we  will  turn  to  Professor  Daniel  Sperling. 

I  will  interject  that  I  have  received  word  that  we  will  have  votes 
on  the  floor  very  soon.  It  appears  there  will  be  two  votes,  and  for 
those  of  you  who  are  not  familiar  with  the  Congress,  when  the  bells 
ring  we  have  15  minutes  to  be  get  there,  and  there  will  probably 
be  a  15-minute  vote  followed  by  a  five-minute  vote.  So  that's  likely 
to  take  at  least  20  to  25  minutes  out  of  our  hearing. 

Professor  Sperling. 

STATEMENT  OF  PROFESSOR  DANIEL  SPERLING,  DIRECTOR, 
INSTITUTE  OF  TRANSPORTATION  STUDIES,  UNIVERSITY  OF 
CALIFORNIA,  DAVIS 

Professor  Sperling.  Thank  you.  I  will  be  brief. 

My  name  is  Dan  Sperling,  and  I'm  Professor  of  Transportation 
Engineering  and  Environmental  Studies  and  founding  Director  of 
the  Institute  of  Transportation  Studies  at  the  University  of  Califor- 
nia at  Davis.  The  Institute  that  I  direct  administers  over  $7  million 
in  research  contracts  and  grants,  the  majority  of  which  involve  ad- 
vanced vehicle  technologies  and  fuels. 

I've  chaired  or  been  a  member  of  several  National  Research 
Council  committees  on  vehicle  technologies  and  fuels,  though  not 
this  one  that  is  represented  at  the  table  next  to  me,  and  I  have  au- 
thored or  co-authored  five  books  and  over  a  hundred  papers  and  re- 
ports on  these  topics.  And  I  also  regularly  consult  with  and  advise 
many  major  energy  and  automotive  companies  and  government 
agencies  in  the  U.S.  and  abroad. 

What  I'll  do  here  is  just  briefly  summarize  my  written  testimony, 

Mr.  Ehlers.  Please  don't  rush.  We  will  have  a  few  minutes  after 
the  bells  ring  to  get  to  the  votes.  So  feel  free  to  take  your  allotted 
time. 

Professor  SPERLING.  Thank  you. 

Well  let  me  begin  by  saying  that  I  do  endorse  the  goals  of  PNGV. 
Technology  is  near  at  hand  to  achieve  huge  and  rapid  reductions 
in  energy  use  and  pollution,  and  government  must  play  an  instru- 
mental role  if  those  technologies  are  to  be  developed  and  commer- 
cialized. 

I  also  believe  PNGV  has  been  a  step  in  the  right  direction.  It  has 
already  made  positive  and  important  contributions.  It  has  helped 
focus  the  DOE  R&D  programs,  it  has  eased  somewhat  the  adver- 
sarial relationship  between  automakers  and  regulators,  it  has 
helped  the  Big  Three  automakers  close  the  gaps  with  European 
companies  in  advanced  diesel  technology,  and  it  has  also  stimu- 
lated advances  in  fuel  cell  technologies,  and  these  are  important 
achievements. 

But  that's  the  past.  PNGV  is  now  at  a  critical  juncture.  Unless 
PNGV  is  reorganized  and  refocused  I  believe  it  will  no  longer  serve 
the  country  well.  My  concern  is  that  PNGV  as  presently  constituted 
will  not  provide  the  leadership  this  country  needs.  In  fact,  it  may 
be  counterproductive. 

PNGV  has  two  fundamental  problems.  The  first  is  the  procedural 
requirement  that  technology  to  be  used  in  the  2004  production  pro- 
tot5rpes  must  be  selected  by  end  of  1997,  what  we've  heard  referred 
to  as  down  selection.  At  first  glance  this  requirement  seems  reason- 
able. It  assures  that  industry  will  stay  on  track  to  meet  the  2004 
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deadline.  The  actual  effect  will  be  perverse.  The  problem  is  that 
1997  is  rapidly  approaching  and  only  one  technology  will  be  picked 
by  each  of  the  three  companies.  What  will  it  be? 

Given  the  risk  adverse  nature  of  the  PNGV  managers  in  both  in- 
dustry and  government,  all  indications  are  that  it  will  be  a  direct- 
injected  diesel  engine  combined  with  an  electric  driveline  and  a 
small  battery  pack.  This  choice  is  disappointing  for  several  reasons: 
(1)  Diesel  engines  inherently  emit  large  amounts  of  nitrogen  oxide 
emissions  and  particulate  matter,  the  two  most  severe  air  pollution 
threats  facing  the  country;  (2)  The  industry  is  already  well  along 
in  developing  advanced  diesel  engines  for  the  European  market; 
and  (3)  It  ignores  other  potentially  more  promising  technologies, 
such  as  fuel  cells,  and  relegates  them  to  the  back  burner. 

The  choice  of  diesel  hybrids  could  also  be  an  economically  disas- 
trous mistake.  It  ignores  the  worldwide  trend  and  desire  for  in- 
creasingly cleaner  vehicles.  Pressure  on  the  world's  automakers  to 
build  cleaner  vehicles  is  likely  to  intensify  £ind  not  diminish.  That's 
why  diesel  technology  is  not  likely  to  power  the  next  generation  ve- 
hicle even  in  a  hybrid  configuration. 

The  second  problem  with  PNGV  is  that  too  much  of  the  govern- 
ment funds  go  to  the  Big  Three  automakers  and  their  suppliers. 
They  receive,  as  best  as  I  can  tell,  over  half  the  funds  devoted  to 
Goal  3,  the  tripled  fuel  economy  goal.  This  is  not  the  most  effective 
means  of  accelerating  the  development  and  commercialization  of 
these  advanced  technologies. 

I  believe  it  represents  a  poor  investment  of  government  funds. 
After  all,  the  three  automakers  have  little  incentive  to  aggressively 
pursue  triple  fuel  economy.  Gasoline  prices  are  lower  than  ever, 
CAFE  standards  are  frozen  and  PNGV  offers  no  carrots  nor  sticks. 

Moreover,  the  amount  of  government  R&D  funding  is  so  small 
relative  speaking  that  it  has  little  influence.  The  automakers  re- 
ceive about  $60  million  per  year  for  Goal  3  research.  This  amount 
is  swamped  by  the  many  billions  of  dollars  the  industry  already 
spends  on  R&D  annually. 

And  perhaps  most  critically  much  of  the  information  on  advanced 
vehicle  technology  is  not  shared.  The  three  automotive  companies 
have  reportedly  erected  a  firewall  between  their  in-house  PNGV 
managers  and  their  other  R&D  managers  so  as  to  restrict  sharing 
of  technological  breakthroughs. 

General  Motors,  for  instance,  has  reportedly  created  a  propri- 
etary in-house  fuel  cell  program  that  is  completely  independent  and 
parallel  to  their  government-funded  PNGV  fuel  cell  program. 
Where  do  you  think  GM's  major  effort  is  going  to  be,  in  the  govern- 
ment-funded PNGV  program  or  in  their  own  proprietary  program? 

The  inescapable  conclusion  is  that  government-funded  R&D  has 
httle  effect  on  automaker  efforts  to  develop  and  commercialize  ad- 
vanced vehicle  technology. 

To  be  blunt,  after  all  I'm  an  academic  and  less  constrained  than 
other  folks,  to  be  blunt  PNGV  is  not  directing  funds  toward  the 
right  technologies  nor  the  right  organizations.  As  a  result,  our 
country  is  foregoing  important  economic  and  environmental  bene- 
fits and  risks  losing  leadership  to  the  Europeans  suid  Japanese. 
The  unveiling  of  a  fiiel  cell  car  by  Mercedes-Benz  on  May  14th  of 
this  year  and  its  guinouncement  that  it  may  be  ready  to  sell  fuel 
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cell  cars  before  2010  is  an  indication  of  the  global  demand  for  effi- 
cient and  clean  vehicles  £ind  the  intention  of  foreign  companies  to 
supply  that  technology. 

I  have  four  recommendations  for  restructuring  PNGV, 

The  first  one  is  to  place  renewed  emphasis  on  cleaner  and  more 
promising  long-term  technologies.  I  would  suggest  removing  the  re- 
quirement that  a  single  technology  be  down  selected  in  1997  and, 
instead,  require  that  each  of  the  Big  Three  must  pursue  highly  effi- 
cient and  low-polluting  technology  options,  technologies  that  in- 
clude not  only  fuel  cells  but  also  Stirling  engines,  ultracapacitors 
and  flywheels. 

The  second  recommendation:  require  that  federal  funds  be 
matched  at  least  50/50  for  these  advanced  technology  efforts.  The 
PNGV  program  now  has  a  50/50  overall  match  requirement,  but  it 
appears  that  most  of  the  industry  dollars  are  directed  at  PNGV 
Goals  1  and  2,  the  ones  dealing  with  manufacturing  and  near-term 
vehicle  technology.  So  most  of  the  industry  dollars  are  directed  at 
PNGV  Goals  1  and  2,  which  is  money  the  Big  Three  and  their  sup- 
pliers would  have  spent  anyway,  and  virtually  none  go  to  the  Goal 
3  activities,  or  at  least  as  best  we  can  tell  based  upon  the  informa- 
tion that  is  available. 

Number  three,  direct  a  significant  share  of  funding  toward  inde- 
pendent research  centers  and  technology  companies.  Funds  should 
be  directed  at  independent  skunkworks  and  research  facilities,  in- 
cluding universities  and  unaffiliated  technology  companies.  This 
would  have  several  benefits. 

First,  these  other  centers  and  companies  would  provide  a  bench- 
mark with  which  to  evaluate  progress  by  the  major  automotive 
companies,  and  this  is  important  for  both  regulatory  and  R&D 
funding  purposes. 

Also,  support  of  universities  and  other  organizations  would  cre- 
ate a  broader  base  of  expertise  outside  the  traditional  auto  indus- 
try. 

Also,  supporting  universities  would  assure  that  engineers  and 
scientists  are  being  trained  for  the  automotive  industry  of  tomor- 
row. 

And,  lastly,  small  entrepreneurial  companies  and  technology 
companies  unaffiliated  with  the  automakers  have  a  stronger  and 
purer  incentive  to  develop  and  commercialize  environmental  tech- 
nology and,  thus,  the  return  on  taxpayer  money  would  be  much 
higher. 

My  last  recommendation  is  that  government  management  for 
Goal  3,  for  the  triple  fuel  economy,  should  be  transferred  from  the 
Department  of  Commerce  to  the  Department  of  Energy,  and  this 
echoes  what  we  just  heard  a  moment  ago.  The  March  '96  NRC  re- 
view of  PNGV  that  we  just  heard  of  criticized  PNGV  for  lacking  an 
effective  program  management  organization  and  little  or  no  ability 
to  redeploy  funds  from  less  significant  to  more  important  tech- 
nology developments  in  response  to  budget  reductions  or  following 
technology  selection. 

A  central  cause  of  this  ineffective  management  seems  to  be  that 
DOE,  which  provides  something  like  95  percent  of  the  funds  for 
Goal  3  and  virtually  all  of  the  technical  expertise  in  this  area,  is 
shackled  by  having  to  work  through  many  extra  bureaucratic  lay- 
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ers  of  decision-making.  My  three  preceding  recommendations  would 
have  a  much  better  chance  of  being  implemented  if  control  of  Goal 
3  activities  were  shifted  to  DOE. 

In  closing,  it's  with  some  reluctance  that  I  criticize  PNGV,  for  I 
am  firmly  convinced  that  advanced  vehicle  technologies  can  and 
will  play  a  leading  role  in  preserving  the  environment.  But  if 
PNGV  cannot  be  reformed  to  support  more  advanced  and  cleaner 
technologies  and  to  fund  independent  companies  and  universities 
at  a  much  higher  level,  then  perhaps  it  should  be  allowed  to  die 
a  peaceful  death.  If,  on  the  other  hand,  changes  are  made,  then 
substantial  increases  in  PNGV  funding  would  probably  be  a  good 
investment  of  public  monies. 

Thank  you. 

[The  prepared  statement  of  Professor  Sperling  follows:] 
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Good  afternoon.  My  name  is  Daniel  Sperling  I  am  Professor  of  Transportation  Engineering  and 
Environmental  Studies,  and  founding  Director  of  the  Institute  of  Transportation  Studies  at  the 
University  of  California,  Davis.  This  Institute  administers  over  $7  million  in  research  contracts  and 
grants,  and  is  staffed  by  about  100  research  faculty,  post-doctoral  scholars,  and  student  research 
assistants.  I  oversee  major  research  programs  in  electric,  hybrid,  and  fuel  cell  vehicle  technology.  I 
have  been  deeply  involved  in  the  study  of  advanced  propulsion  technologies  and  alternative  fliels 
since  the  late  1970s  I  am  founding  chair  of  the  Alternative  Fuel  Committee  for  the  Transportation 
Research  Board  of  the  National  Research  Council,  have  participated  in  several  National  Research 
Council  committees  on  energy  and  environmental  aspects  of  motor  vehicles,  and  have  authored  or 
co-authored  5  books  and  over  100  papers  and  reports  on  the  topic. 

Let  me  begin  by  saying  that  I  strongly  endorse  the  goals  of  PNGV  and  the  need  for  strong 
government  support  of  advanced  vehicle  R&D  It  is  clear  that  the  automotive  industry  is  on  the 
threshold  of  a  technological  revolution.  Technology  is  near  at  hand  to  achieve  huge  and  rapid 
improvements  in  energy  use  and  pollution  reduction.  But  industry  has  little  incentive  to  pursue 
many  of  these  advanced  technologies  because  their  major  benefits  —  reduction  of  oil  imports, 
greenhouse  gases,  and  air  pollution  —  do  not  have  value  in  the  marketplace.  And  so  there  is  a 
clear  role  for  government,  as  a  regulator  and  supporter  of  advanced  technology  R&D. 

There  is  another  important  reason  for  government  to  support  these  advanced  automotive 
technologies,  global  competitiveness,  to  assure  that  the  United  States  retains  international 
leadership  Other  countries  seem  more  determined  than  us  to  develop  these  new  technologies  and 
advanced  vehicles,  for  reasons  I  will  indicate  below    If  we  sit  passively  by,  the  nation  risks  losing 
millions  of  jobs  and  billions  of  dollars  in  economic  growth 

PNGV  has  made  some  positive  and  important  contributions;  it  has  helped  focus  DOE  R&D 
programs,  eased  somewhat  the  adversarial  relationship  between  automakers  and  regulators 
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through  increased  communication  and  coordination,  helped  the  Big  3  close  a  gap  with  European 
companies  in  advanced  diesei  technology,  and  stimulated  advances  in  fuel  cell  technologies.  These 
are  important  achievements.  But  that's  the  past. 

PNGV  is  at  a  critical  juncture  Unless  it  is  reorganized  and  refocussed,  it  will  no  longer  serve  this 
country  well.  My  concern  is  that  PNGV,  as  presently  constituted,  will  not  provide  the  leadership 
this  country  needs.  In  fact,  it  may  be  counterproductive 

PNGV  has  two  fundamental  problems.  The  first  is  its  procedural  requirement  that  technology  to 
be  used  in  the  2004  production  prototypes  must  be  selected  by  the  end  of  1997.  At  first  glance 
this  requirement  seems  reasonable:  it  assures  that  industry  will  stay  on  track  to  meet  milestones 
and  the  2004  deadline.  The  actual  effect  will  be  perverse  Because  1997  is  rapidly  approaching 
and  only  one  technology  will  be  picked  (by  each  of  the  3  companies),  risk-averse  PNGV 
managers  in  the  Big  3  and  in  the  federal  government  are  expected  to  favor  incrementalism  over 
leapfrogging.  That  is,  organizational  and  political  realities  push  them  toward  selecting  modest 
enhancements  of  conventional  technologies,  and  away  from  more  advanced  technologies,  such  as 
fuel  cells,  that  are  riskier  but  potentially  far  more  promising 

It  appears  that  the  three  automotive  companies,  with  government  concurrence,  will  select  a 
direct-injected  diesei  engine  combined  with  an  electric  driveline  and  a  small  battery  pack  This 
choice  is  disconcerting  for  several  reasons:  1)  Diesel  engines  have  inherently  high  NOx  and 
particulate  emissions,  2)  industry  is  already  well  along  in  developing  these  advanced  diesei  engines 
for  the  European  market;  and  3)  other  potentially  more  promising  technologies  would  be  pushed 
aside. 

Based  on  conversations  with  federal  officials  and  corporate  executives,  I  suspect  that  the 
willingness  to  embrace  diesei  technology  is  premised  on  a  perception  that  America's  air  quality 
problem  is  mostly  solved  While  it  is  true  that  pollution  has  subsided  in  most  American  cities,  the 
Detroit- Washington  belief  that  pollution  will  not  be  a  factor  in  defining  the  next  generation  vehicle 
could  be  tragically  mistaken  Coming  from  California,  I  may  be  more  sensitive  to  the  fact  that 
demand  for  cleaner  air  is  not  a  California-specific  phenomena.  Indeed,  not  only  do  many  US  cities 
continue  to  experience  unhealthy  air  and  many  Americans  continue  to  demand  clean  air,  but  in 
European  and  Asian  cities  the  demand  for  cleaner  air  is  becoming  ever  stronger    Pressure  on  the 
world's  auto  industry  to  build  still  cleaner  vehicles  is  likely  to  intensify.  That  is  why  diesei 
technology  is  unlikely  to  power  the  next  generation  vehicle,  even  in  a  hybrid  configuration. 
California  is  not  an  outlier  in  terms  of  pollution  and  the  desire  for  pollution-free  vehicles. 

The  second  fundamental  problem  with  PNGV  is  that  the  apparent  policy  of  directing  most 
PNGV-related  government  fijnds  to  the  Big  3  and  their  suppliers  is  not  the  most  effective  means 
of  accelerating  the  development  and  commercialization  of  advanced  technologies  It  represents  a 
poor  investment  of  government  funds,  for  the  following  reasons: 
•     The  Big  3  and  their  principal  suppliers  will  continue  to  develop  and  commercialize 

incremental-type  technologies,  regardless  of  government  funding  —  and  even  many  truly 
advanced  technologies  —  for  a  variety  of  reasons,  not  the  least  of  which  is  California's  zero 
emission  mandate  Indeed,  virtually  all  the  technical  accomplishments  of  PNGV  listed  in  their 
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glossy  brochure  published  this  month  (July  1996)  appear  to  be  the  results  of  ongoing  efforts 
by  the  Big  3  and  their  suppliers 

•  Because  fuel  prices  are  low  and  CAFE  standards  frozen,  the  Big  3  have  little  incentive  to 
aggressively  pursue  the  tripled  fuel  economy  goal.  This  is  the  real-world  political  and 
economic  context  for  PNGV,  no  carrots,  no  sticks.  The  result  is  that  Big  3  management 
places  little  value  on  government  support  for  longer  term,  riskier  PNGV  technologies. 

•  The  $60  million  dollars  or  so  in  advanced  vehicle  R&D  sent  annually  to  the  auto  industry  by 
DOE  has  little  influence  on  Big  3  priorities  and  R&D  activities,  partly  for  the  above  reasons, 
and  partly  because  the  amount  is  tiny  relative  to  the  many  billions  in  R&D  they  already  spend 
annually. 

•  The  highly  competitive  automotive  companies  are  understandably  reluctant  to  share 
information  on  technological  breakthroughs.  As  a  result,  the  three  automotive  companies  have 
reportedly  erected  a  firewall  between  their  in-house  PNGV  managers  and  their  other  R&D 
managers.  For  example,  GM  has  reportedly  created  a  proprietary  in-house  shadow  fUel  cell 
program  that  is  completely  independent  and  parallel  to  their  govemment-fianded  PNGV  fuel 
cell  program.  By  implication,  whenever  GM  (or  any  automaker)  is  serious  about  a  technology, 
it  will  channel  its  development  efforts  away  from  PNGV  to  assure  complete  confidentiality. 
That  GM  behaves  this  way  even  with  fuel  cells,  the  most  far-off  of  the  major  PNGV 
technologies,  is  further  evidence  that  government  funds  are  not  valued  highly. 

The  inescapable  conclusion  is  that  government-funded  R&D  plays  a  small  role  in  automaker 
development  and  commercialization  efforts  and  that  government  awards  to  the  Big  3  and  their 
suppliers  are  not  generating  as  much  technological  development  as  might  be  expected. 

PNGV  is  not  directing  funds  toward  the  right  technologies  nor  the  right  organizations.  As  a 
result,  our  country  is  foregoing  important  economic  and  environmental  benefits  and  risks  losing 
leadership  to  the  Europeans  and  Japanese.  The  unveiling  of  a  fliel  cell  car  by  Mercedes-Benz  on 
May  14,  and  their  announcement  that  they  may  be  ready  to  sell  fuel  cell  cars  by  2010  is  an 
indication  of  global  demand  for  energy  efficient  and  environmentally  benign  vehicles,  and  the 
intention  of  foreign  companies  to  supply  that  technology. 

I  have  three  recommendations  for  more  effectively  leveraging  government  R&D  funds  and 
assuring  that  PNGV  continues  to  accelerate  the  development  and  commercialization  of  advanced 
automotive  technologies. 

1 .  Renew  emphasis  on  cleaner  and  more  promising  long  term  technologies. 

Remove  the  requirement  that  a  single  technology  be  "down-selected"  in  1997  Instead, 
require  that  each  of  the  Big  3  pursue  highly  efficient  and  low-polluting  options,  such  as  fiiel  cells, 
Stirling  engines,  ultracapacitors,  and  flywheels.  And  require  that  the  federal  fiands  be  matched  at 
least  50/50  for  these  advanced  technology  efforts.  The  overall  PNGV  program  now  has  a  50/50 
match  requirement,  but  it  appears  that  most  of  the  industry  dollars  are  directed  at  PNGV  goals  1 
and  2  (improvements  in  near-term  vehicle  technology  and  manufacturing  processes),  which  is 
money  they  would  have  spent  anyway,  and  virtually  all  of  the  goal  3  activities  (tripled  fuel 
economy)  are  being  paid  for  by  government  (though  lax  cost  accounting  procedures  make  it 
impossible  to  confirm) 
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2.  Direct  a  significant  share  of  funding  toward  independent  research  centers  and  technology 
companies 

Funding  of  independent  skunkworks  and  research  facilities,  including  universities,  and 
unaffiliated  technology  companies  would  have  several  benefits:  i)  these  other  centers  and 
companies  would  provide  a  benchmark  with  which  to  evaluate  progress  by  the  major  automotive 
companies,  for  regulatory  and  future  R&D  fijnding  decisions;  ii)  support  of  universities  and  other 
organizations  would  create  a  broader  base  of  expertise  outside  the  traditional  auto  industry;  and 
iii)  small  entrepreneurial  companies  and  technology  companies  unaffiliated  with  the  automakers 
have  a  stronger  and  purer  incentive  to  accelerate  technology  development  and  commercialization. 

3.  Reassign  Government  Management  for  Goal  3  to  DOE 

The  March  1996  NRC  review  of  PNG  V  stated  that  the  "govenunent  lacks  an  effective 
program  management  organization,  little  or  no  ability  to  redeploy  funds  from  less  significant  to 
more  important  technology  developments  in  response  to  budget  reductions  or  following 
technology  selection"  (p.  3).  A  central  cause  of  this  problem  seems  to  be  that  DOE,  which 
provides  and  controls  over  95%  of  the  funds  for  goal  3  (tripled  fuel  economy)  and  virtually  all  the 
technical  expertise  in  this  area,  is  inhibited  and  distracted  by  unneeded  layers  of  policymaking  and 
bureaucratic  decisionmaking  My  two  preceding  recommendations  would  have  a  much  better 
chance  of  being  implemented  if  control  of  goal  3  activities  were  shifted  to  DOE. 


It  is  with  some  reluctance  that  I  criticize  PNGV,  for  I  am  firmly  convinced  that  advanced  vehicle 
technologies  can  and  will  play  a  leading  role  in  preserving  the  environment.  But  if  PNGV  cannot 
be  reformed  to  support  more  advanced  and  clean  technologies  and  to  fund  independent  companies 
and  universities,  then  it  should  be  allowed  to  die  a  peaceful  death  On  the  other  hand,  if  changes 
are  made,  then  the  argument  for  substantial  increases  in  PNGV  funding  becomes  more 
compelling. 
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Mr.  Ehlers.  Thank  you,  Professor  Sperling,  and  thank  you  to  ev- 
eryone on  the  panel  for  your  comments.  They  have  been  very  use- 
ful. 

I  have  been  informed  that  there  has  been  some  delay  in  progress 
on  the  floor  and  so  we  may  have  a  little  more  time  than  we  thought 
before  we  hear  the  bells  ringing. 

A  few  matters  of  business.  Without  objection,  I  will  order  that 
the  written  testimony  of  all  the  panelists  will  be  entered  into  the 
record  as  well  as  a  statement  for  the  record  by  Dr.  Jay  Keller,  Hy- 
drogen Program  Manager  of  Sandia  National  Laboratories. 

[The  prepared  statement  of  Dr.  Keller  is  in  Appendix  III.] 

Mr.  Ehlers.  We  will  now  turn  to  questioning  of  the  panel  by 
those  who  are  present. 

I  pick  up  a  thread  running  through  the  testimony  of  those  who 
are  not  from  the  automobile  industry.  Mr.  Jones,  you  mentioned 
the  problem  of  the  proprietary  issue  and  the  feeling  that  informa- 
tion is  not  being  shared  as  freely  as  it  should  perhaps  be.  That  was 
echoed  by  the  last  witness.  In  addition.  Dr.  Hirsch,  you  pointed  out 
some  of  the  management  problems. 

Generally  there  seems  to  be  a  thread  of  concern  here  that,  first 
of  all,  the  program  is  not  being  managed  as  efficiently  as  it  should 
be  and  perhaps  it's  not  being  managed  by  the  right  agency  or  the 
right  people  and,  secondly,  that  there  is  not  as  close  a  cooperation 
between  the  Federal  Government  and  the  private  sector  as  there 
should  be,  and  that  particularly  there  is  not  good  cooperation  be- 
tween the  PNGV  research  done  by  industry  and  the  private  re- 
search done  by  the  industry. 

I  find  that  a  matter  of  real  concern.  I'm  not  sure  we  want  to  get 
into  rewriting  the  whole  act,  but  certainly  the  purpose  of  the  panel 
is  to  try  to  determine  what  problems  there  may  exist. 

First,  just  a  very  simple  question.  Professor  Sperling,  your  rec- 
ommendation that  more  money  should  to  go  universities,  is  this  be- 
cause you're  proud  of  universities  or  because  you  have  a  self-inter- 
est in  getting  more  money?  I  have  some  sympathy  for  your  position 
being  a  former  academic  myself,  but  I  would  like  for  you,  if  you 
can,  clarify  your  motives  to  the  extent  you're  able  to. 

Professor  SPERLING.  Well  of  course  I  probably  always  have  the 
same  motives  that  everyone  else  does  that  wants  to  strengthen 
some  of  the  activities  they're  involved  in,  but  I  do  believe  very 
strongly  that  there  is  a  real  problem  here  in  that  there  are  not  the 
people  being  trained  in  the  universities  to  work  on  these  tech- 
nologies. 

I,  for  instance,  would  love  to  hire  a  faculty  member  to  head  up 
our  research  in  the  fuel  cell  area,  an  electro-chemist  t5T)e  person. 
There  are  essentially  almost  none  being  turned  out  around  the 
country  that  are  suited  to  be  hired  to  be  running  a  program  like 
that,  and  this  cuts  across  in  several  different  areas.  So  we  just 
aren't  turning  out — we  aren't  doing  the  research  in  the  universities 
nor  training  the  people  needed  in  the  universities  to  play  this  kind 
of  role  that  will  be  necessary  in  the  future. 

Mr.  Ehlers.  Thank  you. 

Mr.  Mull. 

Mr.  Mull.  I  would  just  like  to  point  out  that  one  of  the  things 
that  we  did  to  get  university  involvement  was  Ford,   GM   and 
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Chrysler  and  the  Department  of  Energy  did  have  a  future  car  com- 
petition. We  had  40  schools  submit  proposals  and  12  were  chosen. 
We  recently  had  the  first  competition  at  Ford  Motor  Company 
about  a  month  ago.  I  will  also  admit  that  the  industry  side  was 
somewhat  skeptical  of  having  a  competition  like  this. 

We  provided  four  Tauruses,  four  Luminas  and  four  Concordes  to 
the  12  schools  and  seed  money  for  them  to  go  as  far  as  they  could 
in  improving  the  fuel  economy  under  a  set  of  rules.  We  had  the 
competition,  and  I  have  to  tell  you  we  were  amazed  at  what  a  tre- 
mendous training  opportunity  it  provided  to  the  students.  They 
were  very  impressive,  and  the  work  they  did  was  impressive.  The 
professors  at  the  universities  were  extremely  helpful  and  also  im- 
pressive. 

One  of  those  schools  was  Professor  Sperling's  school,  Cal  Davis, 
and  Dr.  Franks  was  a  key  member  of  their  team  at  that  school. 

So  we  are  doing  that,  and  we  are  training  people,  and  we  are  hir- 
ing these  people  as  well. 

Mr.  Ehlers.  One  of  the  biggest  factors  of  course  is  that  you're 
battling  in  laws  of  summa  dynamics  at  every  term.  That's  one  of 
the  basic  problems  of  the  internal  combustion  engine,  including  the 
diesel  version.  As  efficient  as  that  is,  it's  still  a  real  problem  com- 
pared to  some  other  programs. 

Mr.  Mull.  Well  we  would  like  to  also  comment  on  what  was  said 
about  diesel  engines.  The  diesel  technology  that  we're  working  on 
is  leapfrogging  the  direct  injection  diesel  technology  that's  going  on 
in  Europe.  In  fact,  one  of  the  members  of  that  technical  team  was 
with  EPA,  and  he  described  it  as  a  significant  leapfrog  over  what 
is  going  on.  We're  not  just  trying  to  catch  up,  but  we're  moving 
ahead. 

In  one  of  the  diesel  programs  that's  being  developed,  we're  actu- 
ally going  to  very  lowest  of  tier  two  emissions  in  the  ultra-low 
emission  vehicle  standards  in  California.  That's  a  very,  very  low 
NOX  level  and  an  extremely  low  particulate  level. 

Mr.  Ehlers.  Of  course  one  good  way  to  deal  with  the  NOX  level 
would  be  to  use  hydrogen  in  combination  with  oxygen  if  you  would 
like  to  carry  both  of  those  on  a  vehicle. 

[Laughter.] 

Dr.  Hirsch,  it  seems  to  me  you  had  some  very  pertinent  rec- 
ommendations regarding  management  changes  that  should  go  into 
this.  Let  me  ask  you,  and  I'm  not  sure  what  experience  you  have 
with  government,  do  you  think  that  the  management  problems  that 
you  identified  can  be  solved  within  a  government/industry  coopera- 
tive venture  like  this,  or  do  you  think  they're  endemic  to  that  type 
of  structure? 

Dr.  Hirsch.  First  of  all,  I  spent  nine  years  in  government  and 
a  number  of  years  in  this  room  also,  not  only  on  this  side  of  the 
table,  but  on  the  other  side  of  the  table  in  the  past.  No,  it  is  en- 
tirely possible  to  manage  this  program  effectively  in  the  Federal 
Government.  There  is  no  question  about  that  in  my  opinion. 

The  problem  is,  and  here  I'm  stating  personal  opinion  as  opposed 
to  Committee  opinion,  the  problem  is  that  the  way  things  were  set 
up  in  the  government  was  as  a  loose  confederation  of  not  only 
projects,  but  a  loose  confederation  of  people. 
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For  instance,  you'll  notice  that  Rob  Chapman,  who  is  essentially 
the  head  of  the  program,  introduced  himself  as  Chairman  of  the 
government's  PNGV  Technical  Task  Force.  Most  people  consider 
him  the  head  of  the  program,  and  yet  he  does  not  have  the  author- 
ity to  run  the  program  directly.  He  is  put  in  a  position  where  he 
has  to  try  to  coax  people  within  the  government  establishment  to 
do  the  things  that  he  deems  are  important,  and  the  same  thing  is 
true  with  the  management  at  the  Department  of  Energy. 

In  other  words,  for  reasons  that  we  don't  understand,  and  I  don't 
personally  understand,  responsibilities  were  given,  but  the  author- 
ity was  not  given  commensurate.  So  that  the  current  structure  is 
simply  not  adequate  to  run  a  program  that  is  as  demanding  as  this 
one  is. 

Mr.  Ehlers.  Thank  you. 

Mr.  Mull. 

Mr.  Mull.  We've  spent  a  lot  of  time  on  that  issue  both  on  the 
industry  side  and  on  the  government  side.  I  mean,  you  heard  us 
say  that  we're  not  perfect.  You  know,  the  government  is  the  gov- 
ernment and  we  live  in  a  democracy.  I  think  we  work  very  hard 
to  work  together  as  a  team,  both  on  the  government  side  and  the 
industry  side,  to  be  as  effective  as  we  possibly  can  recognizing  that 
we  have  separate  agencies.  We  all  would  like  to  have  more  author- 
ity. You  know,  independent  of  the  partnership  we  would  like  to 
have  more  authority  to  get  things  done,  but  that's  just  not  the  way 
things  work. 

We  think  that  a  lot  of  the  problems  that  the  Peer  Review  Com- 
mittee saw  when  they  did  the  report  are  improving  tremendously. 
On  the  industry  side,  the  one  technical  director,  we  simply  do  not 
agree  that  one  technical  director  is  appropriate.  The  three  of  us 
work  together  as  a  team.  If  we  added  another  person  above  us,  he 
or  she  could  not  be  empowered  and  it  would  be  another  layer  of  bu- 
reaucracy. So  we  operate  together  and  we  make  decisions  together. 
We  work  in  our  separate  companies  and  we  think  we're  being  effec- 
tive. 

Mr.  Ehlers.  Mr.  Jones,  you're  probably  the  only  one  at  the  table 
who  has  had  authority  commensurate  with  responsibility  when  you 
ran  Libbey-0 wens-Ford. 

[Laughter.] 

I  would  appreciate  your  perspective  on  this  dilemma. 

Mr.  Jones.  The  way  in  which  Bob  Mull  has — and  excuse  my 
voice,  I'm  suffering  from  something,  but  it  has  nothing  to  do  with 
this  room. 

Mr.  Ehlers.  We  are,  too,  most  of  the  time. 

[Laughter.] 

Mr.  Jones.  If  any  one  of  these  automotive  companies,  and  I 
should  tell  you  I  worked  for  General  Motors  for  20  years,  and  in 
fact  ran  their  advanced  engineering  organization.  If  any  one  of 
these  organizations  organized  a  project  they  would  have  a  single 
platform  director  or  a  single  technical  director  for  a  project  like 
this.  So  obviously  if  this  was  my  company,  I  would  have  one  guy 
that  I  would  hold  responsible  for  what's  going  on  in  that  project, 
and  likewise  in  the  government.  In  my  mind  it's  the  only  way  to 
run  a  program. 
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They  have  said  they  disagree  with  us,  and  that  is  fine.  I  think 
our  Committee  will  not  pursue  that  in  the  next  round,  but  we  will 
base  our  findings  at  the  end  of  the  year  on  the  results  that  they 
produce  within  the  type  and  style  of  organization  that  they  have. 

Mr.  Ehlers.  Well  thank  you.  My  time  has  expired.  I  appreciate 
the  comments  and  the  testimony  that  has  been  given  here. 

Congresswoman  Rivers. 

Ms.  Rivers.  Thank  you,  Mr.  Chair. 

In  listening  to  the  testimony  of  the  first  panel  and  this  one  as 
well,  it's  very  clear  to  me  that  somebody  is  going  to  ultimately 
build  this  car.  Whether  it's  Europeans,  whether  it's  Japanese, 
whether  it's  Koreans  or  whether  it's  us,  somebody  is  going  to  put 
together  a  fuel  efficient  car,  and  frankly  I  would  like  it  to  be  Amer- 
icans. And  the  fact  that  I  have  29,000  auto  workers  in  my  district 
has  nothing  to  do  with  my  feelings  on  this.  But  the  thing  I  am  con- 
cerned about  is  that  our  focus,  particularly  in  this  group,  seems  to 
be  more  on  what  we're  doing  exclusively  as  opposed  to  what  we  are 
doing  relative  to  our  competitors. 

Tim  Roemer  started  his  comments  earlier  by  talking  about  the 
Olympics  and  making  an  analogy  between  the  things  we  never 
thought  possible  in  terms  of  physical  endeavors  several  years  ago 
and  now  being  available. 

I  would  draw  people's  attention  to  another  dynamic  that's  taking 
place  at  the  Olympics  right  now,  and  that  is  that  the  American  au- 
dience is  so  focused  on  American  performers  that  they  are  routinely 
overlooking  the  skill  of  non-American  performers  and  they're  get- 
ting beaten  and  they're  getting  surprised  when  the  winner  was 
nmning  faster  in  another  lane  than  the  American  was,  and  I  don't 
want  to  see  us  have  that  happen  here. 

I  have  a  question,  and  it's  a  similar  question  both  for  Mr. 
Rosenfeld,  Mr.  Mull  and  Mr.  Ycrli  and  for  Professor  Sperling,  but 
with  a  twist  for  Professor  Sperling.  If  we  eliminated  the  program, 
and  I'm  willing  to  go  along  that  we  need  to  make  some  changes, 
but  let's  say  we  eliminated  the  program  and  we  said  you  three  are 
going  to  compete  fully  with  one  another,  what  would  that  do  to  the 
cost  of  the  ultimate  product  and  what  would  that  probably  do  to 
the  time  frame  in  which  that  could  be  produced? 

Mr.  Mull.  If  we  eliminated  the  program  from  the  government 
side? 

Ms.  Rivers.  Yes,  completely  eliminated  it  and  you  folks  were  all 
three  on  your  own. 

Mr.  Mull.  Well  I  think  our  industry  has  gone  on  record  that  we 
support  efforts  to  balance  the  budget.  But  if  we  eliminated  all 
budget  for  the  PNGV,  I  think  that  we  would  continue  to  work  on 
the  technologies  that  we've  identified.  That  would  not  stop. 

Ms.  Rivers.  Collaboratively  or  independently. 

Mr.  Mull.  Collaboratively  and  independently,  both. 

Ms.  Rivers.  So  there  would  be  more  redundancy. 

Mr.  Mull.  It  has  started,  and  I  don't  think  we  would  stop  that. 
I  think  Professor  Sperling  is  absolutely  right,  and  you  saw  Mr. 
Jones'  chart.  A  lot  of  activity  is  going  on  in  the  world  in  looking 
at  these  technologies.  So  that  would  not  stop.  Certainly  I  think  the 
pace  of  technology  advancement  would  slow.  There  is  no  question 
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about  that,  and  we  would  probably  revisit  our  objectives,  and  they 
would  not  be  as  aggressive  as  they  are. 

I  guess  we  would  like  to  emphasize  as  part  of  the  answer  that, 
you  know,  if  we  want  significant  advances  in  fuel  efficiency,  and  I 
think  we  do  want  that,  the  best  way  to  do  it  is  to  work  together 
on  it,  the  government  and  the  industry,  the  government's  technical 
resources.  The  best  thing  to  do  is  work  on  basic  research  that  pro- 
vides commercially  viable  technologies  that  don't  distort  the  mar- 
ket. 

Mr.  ROSENFELD.  And  to  the  point  that  you  made  about  govern- 
ment involvement,  we  would  continue  to  be  in  the  race  as  three 
separate  companies.  We  know  that  collaboration  between  govern- 
ment and  industry  is  not  a  dirty  concept  in  Asia  and  in  Europe, 
and  those  competitors  will  continue  to  progress  at  a  faster  pace 
than  we  would.  Collaborating  with  government  together  in  a 
uniquely  American  approach,  which  we've  established  here,  puts  us 
in  the  forefront  we  believe.  We  would  continue  in  the  race,  but  we 
think  we  would  be  at  the  finish  line  probably  later  than  the  gold 
medalists  to  use  your  analogy. 

Ms.  Rivers.  Intuitively  it  would  also  seem  that  if  you  are  no 
longer  sharing  technology,  and  the  companies  have  to  duplicate  the 
research  in  each  of  the  three  companies,  that  the  costs  are  going 
to  rise  as  well. 

The  twist  on  it  for  you.  Dr.  Sperling,  is  the  issues  that  you 
raised,  the  four  issues  that  you  raised.  Without  a  program  like  this, 
you  know,  if  we  eliminated  the  program,  would  any  of  those  things 
happen  on  their  own,  and  what  would  be  the  effect  on  the  time  we 
would  be  able  in  this  country  to  produce  the  product  we're  looking 
for,  the  dollars,  and  could  we  even  think  about  doing  it  without  in- 
volving the  Big  Three  in  some  way? 

Professor  SPERLING.  Well  the  way  I  see  it  is  that  the  investment, 
the  money  going  to  the  Big  Three  and  their  suppliers  when  con- 
trolled by  them  is  getting  relatively  little  return,  and  I  pose  as  an 
example,  for  instance,  a  company,  Ballard,  a  fuel  cell  company  in 
Vancouver.  They  received  considerable  government  funding,  not 
from  the  U.S.  Government,  but  from  the  California  governments 
and  Canadian  governments,  and  they've  developed  what's  essen- 
tially the  leading  fuel  cell  technology  for  vehicle  applications,  and 
they  did  it  independently  as  a  small  entrepreneurial  company. 

So  I  think  if  we  didn't  fimd  the  Big  Three  it  wouldn't  have  much 
effect,  but  if  we  divert  some  of  our  funding  to  companies  like 
Ballard  we  would  see  a  rapid  acceleration  of  the  technologies  be- 
cause these  comp£inies  are  going  to  be  doing  a  lot  of  work.  GM  has 
been  working  on  fuel  cells  for  years.  But  the  question,  is  how  ag- 
gressively do  they  push  it  in  terms  of  developing  it  in  the  labora- 
tory and  bringing  it  closer  to  commercialization,  and  there  is  a  lot 
of  question  about  the  incentive  for  them  to  do  that. 

Ms.  Rivers.  And  relative  to  our  global  competitors,  sort  of  decen- 
tralizing, for  lack  of  a  better  word,  decentralizing  the  way  that 
you're  suggesting  you  think  would  be  more  effective  in  competing 
against  the  other  countries? 

Professor  Sperling.  I  think  so.  I  mean  the  Big  Three  are  going 
to  buy  up  or  buy  into  a  lot  of  the  technology  developed  by  these 
other  companies  eventually  anyway.  That's  their  history,  it's  an  ef- 
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fective  model  and  it  works  well.  It's  a  very  competitive  industry, 
and  there  are  a  lot  of  companies  in  Asia  and  Europe  that  face  very 
different  situations  and  have  special  expertise  and  have  different 
market  niches  they  see  and  respond  to  in  different  ways,  and  I 
think  for  that  reason  we  are  seeing  and  we  know  many  of  these 
companies  are  developing  a  variety  of  these  different  technologies, 
ultracapacitors  and  different  kinds  of  batteries  and  fuel  cells  in  a 
more  accelerated  fashion, 

Ms.  Rivers.  Thank  you. 

Mr.  Ehlers.  The  gentlewoman's  time  has  expired. 

We  have  bells  announcing  a  vote  in  15  minutes,  and  it  would  be 
very  nice  if  we  could  wrap  this  up  so  that  panelists  don't  have  to 
wait  for  us  to  vote  and  come  back. 

We  have  two  more  here. 

Congressman  Barcia. 

Mr.  Barcia.  I  think  I  can  be  relatively  brief.  I  would  like  to  get 
some  comments  on  the  record,  and  perhaps  we  can  complete  the 
hearing  before  the  vote  is  taken. 

First  of  all,  I  want  to  thank  you,  Mr.  Chairman,  for  inviting  this 
distinguished  panel  of  guests  before  the  Subcommittee  today  and 
indicate  how  pleased  I  am  with  your  testimony.  While  I  wasn't  able 
to  hear  all  of  the  remarks,  since  I've  arrived  at  the  Committee  I've 
appreciated  the  very  specific  information  you've  shared  with  the 
Subcommittee. 

Our  auto  industry  has  been  in  the  forefront  of  the  world's  tech- 
nology, and  I  am  sure  that  we  all  want  to  retain  and  expand  upon 
this  proud  record.  The  Partnership  for  a  New  Generation  of  Vehi- 
cles program,  in  my  opinion,  is  exactly  the  kind  of  action  that  we 
should  be  taking  in  the  Federal  Government. 

A  partnership  between  our  industry,  our  universities  and  our 
government  should  be  heralded  as  a  sign  of  unified  strength.  We 
need  the  vision  and  technological  capability  of  university  and  in- 
dustry engineers,  and  we  need  the  production  know-how  of  indus- 
try, we  need  the  government  to  understand  the  real  scope  and  lim- 
its of  technology  so  that  the  best  possible  policies  can  be  adopted. 

I  know  of  the  work  firsthand  that  has  been  underway  at  Delphi 
Saganaw  Steering  Systems  back  in  my  home  district  in  Michigan 
in  the  5th  District  in  cooperation  with  the  Department  of  Energy 
for  intelligent  induction  heating  and  hardening.  That  cooperative 
effort  gives  us  new  technology,  a  competitive  edge,  a  sense  of  true 
accomplishment  for  the  personnel  at  the  facility,  and  the  hope  for 
keeping  that  plant  for  some  time  to  come  because  it  has  been  and 
will  continue  to  be  a  productive,  contributing  member  of  the  auto 
industry  community  at  a  time  of  intense  global  competition. 

Now  I  have  just  one  question  for  our  distinguished  panel  this 
afternoon.  Realizing  the  mndamental  differences  between  the  gov- 
ernment and  the  private  sector,  could  you  please  describe  some  of 
your  experiences  in  working  with  the  Federal  Government. 

And  as  a  follow-up  question,  and  I  know  you  have  to  be  very  con- 
cise and  maybe  only  a  couple  will  have  time  to  respond,  do  you 
have  any  recommendations  to  improve  this  already  successful  pro- 
gram? 

Perhaps  I  could  direct  these  two  questions  to  Mr.  Mull  and  per- 
haps Mr.  Rosenfeld  and  Mr.  York. 
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Mr.  Ehlers.  I  appreciate  your  comments  and  I  would  ask  you  to 
be  as  brief  as  possible. 

Dr.  York.  There  are  great  opportunities  that  we  have  had  work- 
ing together  and  that  we  see  in  the  future,  and  it's  the  science  ca- 
pabilities of  the  lab  and  their  mission,  and  what  we're  doing  is  very 
complementary.  You  mentioned  the  induction  heating,  flame  spray- 
ing is  another,  advanced  composites  is  another,  electronics,  et 
cetera. 

The  government  labs  frequently  have  the  science  and  the  know- 
how  to  do  certain  things,  but  we  bring  the  volume  and  manufactur- 
ing capability  to  really  translate  something  into  a  workable  proc- 
ess. Those  processes  support  their  missions  as  well  as  ours  and 
generate  thmgs  that  can  be  used  by  the  entire  manufacturing  base 
in  the  United  States.  So  these  are  probably  the  kind  of  highlights 
and  first  fruits  of  this  payoff.  The  longer-bearing  thing  is  the  tech- 
nology for  a  completely  new  vehicle,  but  these  are  payoffs  that  are 
featured  in  the  accomplishments  that  we're  seeing  already. 

Mr.  Ehlers.  Thank  you  very  much. 

Congressman  Zach  Wamp  has  joined  us. 

Mr.  Wamp.  A  short  quick  statement,  Mr.  Chairman.  Thank  you 
for  the  time,  and  I'm  sorry  I'm  late. 

On  behalf  of  the  quality  research  that  goes  on  at  the  Oak  Ridge 
National  Laboratory,  and  the  engines  of  the  future  and  lightweight 
materials  technology  for  these  automobiles  and  the  applied  tech- 
nology demonstrated  in  Chattanooga  where  we  build  emissionless 
buses  and  are  looking  at  all  different  kinds  of  vehicles,  hybrid  vehi- 
cles for  the  future  we  believe  in  what  you  engage  yourself  in. 

If  you  would,  for  the  record  for  the  future,  submit  any  docu- 
mentation you  have  or  answers  to  the  question.  Building  light- 
weight materials,  does  that  compromise  safety?  Any  of  you  that 
have  input  on  that,  please  just  submit  that  to  me  for  the  record. 

Mr.  Chairman,  if  you  would  keep  the  record  open  for  a  requisite 
number  of  days  so  they  could  do  that,  that  way  we  can  go  to  vote, 
and  thank  you  very  much  for  being  here  today. 

Mr.  Ehlers.  Without  objection,  we  will  do  so. 

I  want  to  thank  the  pEinel  very  much.  I'm  sorry  we've  had  to  rush 
the  last  few  minutes,  but  I'm  grateful  that  we  were  uninterrupted 
by  the  votes  during  the  majority  of  the  hearing. 

I  certainly  appreciate  the  comments  offered.  They'll  be  very  help- 
ful to  us,  particularly  the  issues  raised  about  management,  and  we 
will  pursue  those  as  we  consider  the  program  and  the  funding  for 
the  next  year. 

Thank  you  very  much  for  your  participation.  I  deeply  appreciate 
it. 

The  hearing  is  adjourned. 

[The  Subcommittee  adjourned  at  3:50  p.m.,  subject  to  the  call  of 
the  Chair.] 

[The  following  material  was  received  for  the  record:] 


125 


Appendix  I 


SUBCOMMITTEE  ON  ENERGY  AND  ENVIRONMENT 

COMMITTEE  ON  SCIENCE 

U.S.  HOUSE  OF  REPRESENTATIVES 

OPENING  STATEMENT 

HONORABLE  VERNON  J.  EHLERS 


HEARING 

Partnership  for  a  New  Generation  of  Vehicles  (PNGV): 
Assessment  Of  Program  Goals,  Activities  And  Priorities 

Tuesday,  July  30,  1996 


I  welcome  all  the  Members  of  the  Subcommittee  and  the  witnesses 
to  this  oversight  hearing  of  the  Partnership  for  a  New  Generation  of 
Vehicles  (PNGV).  This  is  an  interesting,  ambitious  and  complex  project 
involving  several  government  agencies  and  the  automobile  industry 
comprised  of  General  Motors  Corporation,  Ford  Motor  Company  and 
Chrysler  Corporation,  in  what  is  termed  by  the  Administration  as  a 
"departxure  from  the  historical,  primarily  regulatory  relationship 
between  Government  and  the  U.S.  auto  industry". 

The  PNGV  program  is  a  joint  cooperative  research  and 
development  program  between  the  federal  government  and  the  United 
States  Council  for  Automotive  Research  (USCAR),  which  was  formed  by 
Chrysler,  Ford  and  General  Motors.  The  PNGV  program  has  its  roots  in 
the  "Clean  Car  Initiative",  which  was  launched  by  President  Clinton  and 
Vice  President  Gore  on  September  29,  1993,  with  three  specified  goals 
of  (1)  significantly  improving  national  competitiveness  in 
manufacturing;  (2)  implementing  commercially  viable  innovation  from 
ongoing  research  on  conventional  vehicles;  and  (3)  developing  a  vehicle 
to  achieve  up  to  three  times  the  fuel  efficiency  of  today's  comparable 
vehicles  while  maintaining  or  improving  performance  and  cost  and 
meeting  or  exceeding  current  federal  safety  and  emissions  requirements. 
The  PNGV  program  was  established  with  the  aim  of  enhancing  U.S. 
automotive  industrial  competitiveness  by  providing  a  focus  and  pushing 
the  boundaries  of  technology . 

It  appears  that  the  PNGV  program  goals  1  and  2  were  designed 

-Avith  a  short-term  outcome  in  mind  and  may  have  reached  a  stage  that 

no  longer  warrants  an  extensive  involvement  by  the  federal  government. 

Goal  3  presents  a  more  ambitious  and  significant  improvement  of  the 

automobile  that  Americans  should  drive  and  one  that  will  perhaps 
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improve  the  U.S.  auto  industry's  global  competitiveness.  Therefore,  the 
main  focus  of  this  hearing  is  on  the  PNGV  organization,  the  program 
goals,  federal  government  management  of  the  program,  the  role  of 
involved  agencies,  funding,  accomplishments  to  date,  priorities,  and  the 
level  of  confidence  in  meeting  technical  schedules  and  milestones.  These 
points  are  particularly  relevant. to  Goal  3. 

Furthermore,  I  am  interested  in  examining  the  recommendations 
resulting  from  the  National  Research  Council's  annual  reviews  of  the 
PNGV  program  and  the  PNGV  program's  responsiveness  to  these 
recommendations.  I  believe  strongly  in  the  peer  review  process, 
partially  because  as  a  scientist  I  have  been  subjected  to  it  and  benefited 
from  it.  I  believe  that  such  a  peer  review  process  should  become  a 
permanent  part  of  the  PNGV  operation. 

The  PNGV  funding  situation  is  somewhat  confusing  and  in  all 
fairness  difficult  to  track.  Given  the  complex  organization  and  nature  of 
the  program,  it  is  even  more  important  to  have  the  cooperation  of  all  the 
agencies  and  the  USCAR  to  determine  the  "real  contribution"  from  the 
federal  government  and  the  actual  cost-sharing  by  the  auto  industry. 
This  would  provide  for  a  healthy  and  objective  debate  that  can  focus  on 
the  substantive  pohcy  and  technical  issues.  We  need  to  determine  what 
are  the  appropriate  levels  and  areas  of  government  involvement  and 
whether  government  funds  are  being  invested  wisely. 

Putting  it  in  a  slightly  different  context,  the  question  that  comes 
up  is:  why  in  the  world  should  the  Federal  Government  provide  a 
substantial  amount  of  money,  amounting  to  hundreds  of  milhons  of 
dollars,  to  the  three  largest  corporations,  who  when  combined  form  the 
largest  corporations  in  the  United  States  and  the  world,  whose  worst 
years  have  not  equaled  the  annual  loss  of  the  Federal  Goverimient  and 
whose  best  years  put  the  U.S.  government  to  shame? 

At  the  same  time,  we  have  individuals  who  say  this  is  a  marvelous 
example  of  partnership  between  government  and  industry.  The 
government  plays  a  key  role  in  bringing  together  competitors  on  a 
project  where  they  can  all  bring  resources  to  it  as  well  as  the  Federal 
Government's  resources  and  can  make  far  greater  progress  than  they 
could  without  the  program. 

So,  the  purpose  of  this  hearing  is  to  look  at  the  facts,  the  data,  the 
information  and  try  to  reach  an  appropriate  judgment  which  will  be 
somewhere  between  the  two  extremes  which  I  just  cited. 

^         Now,  I  recognize  the  ranking  member  for  any  remarks  he/she  may 
have. 
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OPENING  STATEMENT  BY 

THE  HONORABLE  TIM  ROEMER 

RANKING  DEMOCRAT  ON  THE 

SUBCOMMITTEE  ON  ENERGY  AND 

ENVIRONMENT  HEARING  ON  THE 

PARTNERSHIP  FOR  A  NEW 

GENERATION  VEHICLE 

July  30, 1996 


Mr.  Chairman,  I  am  looking  forward  to  this 
hearing.  The  PNGV  program  generates  a  lot  of 
Interest  because  most  Americans,  including 
myself,  are  hopeful  that  one  day  we  can  own  a 
car  that  has  tremendous  performance 
characteristics  with  gas  mileage  that 
approximates  100  miles  to  the  gallon.  The 
benefits  of  such  a  car-to  the  driver  from  lower 
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gas  bills,  to  the  economy  from  reduced 
transportation  costs,  and  to  the  environment 
from  curtailed  emissions-are  important ...  and  a 
long-time  in  the  making. 


With  the  Olympics  going  on  now  in  Atlanta,  I 
will  draw  the  analogy  that  the  goal  of  100  miles 
to  the  gallon  is  the  modern  day  version  of  the  10 
second-100  meter  dash.  I  know  that  before  Jim 
Mines  broke  the  10-second  barrier,  there  were 
many  who  doubted  it  could  happen.  And, 
regarding  the  100  miles  to  the  gallon  barrier,  I'd 
like  to  count  myself  a  believer. 
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However,  I  spent  some  time  in  a  car 
showroom  recently  and  took  note  of  the  gas 
mileage  that  the  newest  models  provide.  To  my 
untrained  eye,  the  selection  seemed  appreciably 
worse  than  when  I  shopped  ten  years  ago. 


We  can  argue  about  whether  the  lower  gas 
mileage  prevalent  on  so  many  showroom  floors 
is  due  to  lax  government  regulation,  low  oil 
prices,  or  other  forces.  But  part  of  the  truth  is 
that  R&D  has  not  yet  produced  breakthrough 
developments  that  are  both  marketable  and 
safe. 
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I  am  a  believer  in  technology  development, 
and  I  surely  believe  that  technological 
advancement  is  a  better  approach  than  strict 
government  regulation.  So  I  am  heartened  when 
I  read  that  the  now-defunct  Office  of  Technology 
Assessment  found  that  the  high  levels  of  fuel 
economy  are  technically  feasible  by  the  year 
2015.  But,  OTA  also  found  that  producing  such 
cars  at  prices  that  consumers  will  fiay  will  be  a 
much  more  difficult  challenge. 


The  question  that  this  Committee  faces  then 
is  whether  the  benefits  of  enhanced  fuel 
economy  are  worth  federal  investment  in 
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automotive  R&D.  With  every  federal  investment, 
lawmakers  must  consider  the  potential  for 
market  distortion,  hidden  subsidies,  and  other 
problems. 


However,  one  certainly  cannot  argue  that  the 
Partnership  for  a  New  Generation  Vehicle  has 
not  learned  from  mistakes  made  in  the  past. 
Anticipating  problems  that  might  occur,  PNGV 
has  sought  industry  involvement — both  monetary 
and  directive — from  the  beginning,  has  set  up  a 
standing  advisory  panel  at  the  National 
Research  Council  to  monitor  progress  and  on- 
going decision-making,  and  has  set  a  firm  long- 
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term  goals.  However,  it  remains  to  be  seen 
whether  this  good  planning  is  enough.  And, 
whether  PNGV  is  the  best  approach  to 
producing  the  new-American  dream  car. 


I  look  forward  to  today's  testimony.  As  I 
close,  I  would  like  to  thank  the  Chairman  for 
assembling  such  a  distinguished  set  of  panelists 
and  thank  each  of  the  witnesses  for  making  time 
in  their  busy  schedules  to  appear  today. 
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OPENING  STATEMENT 
THE  HONORABLE  JAMES  A.  BARCIA 

SUBCOMMITTEE  ON  ENERGY  AND  ENVIRONMENT 

HEARING  ON 

PARTNERSHIP  FOR  A  NEW  GENERATION 

OF  VEHICLES  (PNGV):   ASSESSMENT  OF  PROGRAMS  GOALS, 

ACTIVmES  AND  PRIORITIES 

JULY  30,  1996 


I  want  you  to  know  how  pleased  I  am  with  your  testimony  today.  Our  auto  industry 
has  been  in  the  forefront  of  the  world's  technology,  and  I  am  sure  that  we  all  want  to 
retain  and  expand  upon  this  proud  record. 

The  Partnership  for  a  New  Generation  of  Vehicle  (PGN)  programs,  in  my  opinion,  is 
exactly  the  kind  of  action  we  should  be  taking.  A  partnership  between  our  industry, 
our  universities,  and  our  government  should  be  heralded  as  a  sign  of  unified  strength. 
We  need  to  vision  and  technological  capability  of  university  and  industry  engineers. 
We  need  the  production  know-how  of  industry.  We  need  the  government  to  understand 
the  real  scope  and  limits  of  technology  so  that  the  best  possible  policies  can  be  adopted. 

I  know  of  the  work  that  has  been  underway  at  Delphi  Saginaw  Steering  Systems  in 
cooperation  with  the  Department  of  Energy  for  intelligent  induction  heating  and 
hardening.  That  cooperative  effort  gives  us  new  technology,  a  competitive  edge,  a 
sense  of  true  accomplishment  for  the  personnel  at  the  facility,  and  the  hope  for  keeping 
the  plant  for  some  time  to  come  because  it  has  been  and  will  continue  to  be  a 
productive  contributing  member  of  the  auto  industry  at  a  time  of  intense  global 
competition.  ^ 


I  have  just  one  question  for  our  distinguished  panel  this  afternoon.  Realizing  the 
fundamental  differences  between  the  government  and  private  sector,  describe  some  of 
your  experiences  working  with  the  Federal  Government?  And  a  follow  up:  Do  you 
have  any  recommendations  to  improve  this  already  successful  program? 


134 


SHEILA  JACKSON  LEE 

1»TM  OSTTItCT.  T|KA« 

COMMITTEE  ON  THE  JUDICIARY 

SUSCOMMfTTEE  ON  CRIME 

COMMITTEE  ON  SCIENCE 

SUBCOMMITTEE  ON  SPACE  AND  AERONAUTICS 

SUBCOMMITTEE  ON  BASIC  RESEARCH 

SUBCOMMITTEE  ON  ENERGY  AND  ENVIRONMENT 

STEERING  COMMITTEE 


Congre£i£i  of  tfjc  ^niteli  States; 
^ou&t  o(  3^tpre£(entatibcg 

iSMasl^inston,  SC  20515 


WASM'NCTON  OfTKt. 

1S20  UONCMXWITH  HOWM  0»»iCl  BuhEMnS 

Washimcton.  DC  205IS 

202-nS-381S 

DISTRICT  OfTKE- 

1919  Smith  Stmeit.  Sum  1180 

ThC  CEOmCI  'MiCKCr'  LfUWtO  FtOflUL  6uaO<MC 

HOUSTON.  TX  77002 

71J-«55-005O 


Statement  by  Congresswoman  Jackson  Lee 
Hearing  on  the  Partnership  for  a  New  Generation  of  Vehicles  (PNGV) 

July   30,   1996 


When  President  Clinton  was  elected  four  years  ago,  he 
made  the  environment  one  of  his  important  issues  and  the 
inauguration  of  the  PNGV  program  demonstrated  his 
commitment  to  helping  industry  find  clearer  and  better  ways  of 
doing  business.  In  fact  this  program  is  important  enough  to  earn 
direct  participation  from  the  Vice  President's  Office.  While  I 
have  hopes  that  a  cleaner  more  efficient  car  will  indeed  result 
from  this  cooperative  effort,  I  am  glad  that  we  are  having  this 
hearing,  for  it  is  time  that  this  committee  exercise  its  oversight 
responsibility  and  address  the  status  of  the  program. 

With  twelve  Federal  Departments,  Agencies  and 
government  entities  partnered  with  Ford,  Chrysler  and  General 
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Motors,  PNGV  is  a  complex  and  large  effort  involving 
competing  participants  and  difficult  technical  goals.  I  for  one 
am  interested  in  hearing  a  status  report  and  learning  how  well 
the  government  has  managed  the  program,  what 
accomplishments  have  been  made,  how  this  effort  related  to  the 
efforts  of  the  individual  companies  and  what  the  near  and  long 
term  outlook  for  the  program  efforts. 

PNGV  is  a  program  with  ambitious  goals  and  initiated 
with  much  promise.  However,  many  times,  well  intentioned 
programs  have  gone  off  course,  returning  very  little  to  the 
taxpayers  for  their  investment.  I  hope  that  is  not  the  case  with 
PNGV  but  if  there  are  problems,  it  is  my  sincere  desire  that  the 
problems  be  fixed,  the  course  corrected  and  the  undertaking  set 
straight;  for  while  I  believe  we  owe  our  grandchildren  a  small 
federal  government  debt,  we  also  owe  them  a  livable 
environment  and  world. 
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Appendix  II 


RESPONSE  TO  QUESTIONS  FOLLOWING  THE  HEARING  ON 

Partnership  for  a  New  Generation  of  Vehicles  (PNGV): 
Assessment  of  Program  Goals,  Activities,  and  Priorities 

Tuesday,  July  30,  1996 

THE  HONORABLE  LIONEL  S.  JOHNS 
OFFICE  OF  SCIENCE  AND  TECHNOLOGY  POLICY 


(1)    Although  Goals  1  and  2  contribute  to  Goal  3  [of  the  PNGV  initiative],  they 
address  the  more  short-term  issues  facing  the  auto  industry  and  perhaps  involve 
competitive  research/development  areas. 

(a)   How  were  these  goals  (1-3)  initially  developed? 

flb)   What  were  the  rationale  for  these  goals  and  do  they  need  to  be 
modified? 

(c)   Is  there  a  need  for  continued  involvement  of  Federal  government  in 
Goals  1  and  2  efforts,  and  if  so,  why? 


(1)        (a)  The  goals  were  initially  developed  through  discussions  between  the 
government  and  the  Big  3  car  companies  to  arrive  at  a  set  of  goals  that  met  both  the 
government's  policy  needs  and  the  industry's  research  objectives. 

(b)   As  previously  stated,  the  majority  of  the  government's  funding  for  the 
project  will  be  directed  to  Goal  3.    However,  from  the  government's  perspective, 
work  on  each  of  the  three  goals  was  and  is  important  to  reach  energy  security  and 
environmental,  as  well  as  competitiveness,  goals.   Research  into  certain  manufacturing 
issues  (Goal  1)  will  be  critical  to  reaching  the  long-term  efficiencies  set  out  in  Goal  3. 
For  example,  development  of  improved,  faster  and  cheaper  manufacturing  processes 
will  be  essential  to  getting  the  cost  of  lighter  weight  materials  down  low  enough  so 
that  they  can  be  used  in  commercial  light  duty  ground  vehicles. 

Similarly,  use  of  new  technologies  as  they  become  available  in  vehicles  going 
to  market  in  the  short  term  (Goal  2)  is  critical  to  meeting  the  government's  energy 
efficiency  goals  generally,  and  the  long-range  Goal  3  specifically.    It  is  in  the 
government's  and  the  nation's  interest  to  have  the  car  companies  agree  to  bring  more 
efficient  technologies  to  market  immediately  upon  availability  so  that  short  term  fuel 
savings  can  begin  immediately.    It  is  also  good  research  practice  to  get  these 
technologies  on  the  road  rather  than  keeping  them  in  the  lab  for  ten  years,  waiting  for 
the  Goal  3  vehicle. 

1 
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(c)   For  the  reasons  set  out  above,  there  clearly  is  a  need  for  continued 
government  involvement  in  certain  projects  that  relate  more  to  Goals  1  and  2  than  to 
Goal  3.    Certain  of  those  projects  will  increase  the  likelihood  that  Goal  3  is  met,  and 
will  address  nearer-term  policy  issues  as  well.    As  with  all  research  projects,  the 
extent  of  the  government  involvement,  or  the  nature  of  the  cost  sharing  with  industry, 
will  be  decided  on  a  case-by-case  basis.   Clearly  there  may  be  some  projects  under 
Goals  1  and  2  for  which  industry  should  bear  most  or  all  of  the  cost. 


(2)        According  to  the  NRG  review  and  discussions  by  tlie  PNGV  teclinical 
working  group,  cost  reduction  and  safety  are  often  listed  as  highly  critical 
technical  barriers  needing  further  research.    However,  while  these  items  may 
require  research,  often  they  involve  manufacturing  and  engineering  issues  that 
are  directly  related  to  the  competitiveness  of  the  performer.   Do  you  have,  or  can 
you  propose,  criteria  for  determining  which  areas  of  such  research  really  warrant 
government  funding? 

(2)       The  cost  reduction  and  safety  issues  that  are  identified  by  the  technical  teams 
as  critical  technical  challenges  are  not  minor  changes  to  today's  cars  and 
manufacturing  systems.    Rather,  they  are  issues  associated  with  the  production  of  Goal 
3  vehicles  that  are  tied  directly  to  the  use  of  new  technologies  such  as  lightweight 
materials  and  breakthroughs  in  energy  storage  and  energy  conversion. 

Research  in  cost  reduction  is  an  area  in  which  some  of  the  most  important 
research  advances  are  necessary.    Similarly,  the  challenge  of  producing  strong,  light- 
weight, easily  manufactured  materials  is  central  to  the  PNGV  effort.   For  example, 
material  and  fabrication  prices  that  may  be  acceptable  for  manufacturing  aircraft  are 
not  acceptable  in  automobiles.    Research  advances  in  the  production  of  polymer 
materials  or  aluminum  forming,  involving  basic  issues  in  materials  science,  are 
critical.     Thus,  at  this  stage  of  the  project,  research  is  long-term  and  high  risk,  and  is 
not  directly  related  to  the  companies'  competitiveness  in  any  current  markets. 

As  stated  above,  the  proper  level  of  government  funding  must  be  decided  on  a 
project-by-project  basis  in  light  of  the  specific  nature  of  the  project  and  the  status  of 
the  overall  research  effort  and  its  needs.  I  do  not  believe  that  generic  criteria  can  or 
should  be  formulated  that  would  attempt  to  answer  this  question  for  all  projects.    A 
long-term,  high  risk  effort  such  as  we  have  undertaken  is  simply  too  fluid  and 
unpredictable  to  be  held  to  rigid  general  requirements  for  government  funding. 

In  addition,  the  fact  that  a  research  project  may  relate  to  the  competitiveness  of 
the  industry  should  not  necessarily  preclude  government  involvement  in  the  research, 
and  the  NRC  peer  review  report  did  not  suggest  that  it  should.   The  fact  that  research 
undertaken  to  address  environmental  or  energy  security  issues  also  may  ultimately 
render  our  domestic  industry  more  competitive  in  world  markets  and  thereby  increase 
the  availability  of  U.S.  jobs,  should  be  considered  a  positive,  not  a  negative  element. 
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(3)        Why  is  the  pre-competitive  research  funding  via  contracts  and  CRADAs 
with  each  of  the  Big  Three  auto  companies  separately,  instead  of  funding  USCAR 
as  a  consortium? 

(3)        USCAR  can  and  does  receive  government  funding  through  the  PNGV  project; 
for  example,  in  the  past  NASA  funding  for  PNGV's  systems  analysis  work  has  been 
handled  by  USCAR.    Some  work  is  also  funded  directly  through  specific  technology 
partnerships  under  the  USCAR  umbrella,  such  as  the  U.S.  Advanced  Batter 
Consortium.    Many  of  DOE's  cost-shared  cooperative  agreements  predate  PNGV  and, 
consequently,  are  with  the  individual  companies.    In  general,  DOE  funding  for  PNGV 
is  handled  under  a  variety  of  different  mechanisms,  with  the  choice  based  on  what  is 
best  suited  to  meet  the  partnership's  needs.   PNGV's  technical  team  structure 
provides  a  forum  for  sharing  of  information  and  collaboration  among  the  car 
companies,  and  even  work  that  was  originally  awarded  on  a  company-by-company 
basis,  such  as  hybrid  vehicle  platform  development,  is  now  being  closely  coordinated, 
with  all  of  the  companies  sharing  technical  information. 


(4)        Please  respond  to  the  review  comments  by  the  PNGV  Standing  Committee 
of  NRC,  which  aside  from  the  specific  technical  recommendations,  point  out  the 
following  shortcomings  of  the  PNGV  program: 

(a)  Lack  of  a  single  technical  program  director  for  the  PNGV  government 

management  or  the  USCAR. 

(b)  Lack  of  an  empowered  management  structure  at  DOE  and  DOC  to 

affect  the  array  of  Federally  funded  projects. 

(c)  The  need  for  more  support  and  involvement  in  the  PNGV  research 

program  by  NASA,  DOD,  and  DOT  (specifically,  lack  of  attention 
to  safety  issues  arising  from  drastic  changes  in  material  and 
structure  required  for  the  PNGV  vehicles). 

(d)  The  need  for  analysis  of  current  and  post-PNGV  technologies,  overall 

system  analysis,  a  well-defined  and  detailed  program  plan  and 
adequate  resource  allocation. 

(4)        (a)  We  have  made  management  changes  since  the  NRC  report.   The  structure 
includes  the  Chair  of  the  government  technical  task  force,  who  coordinates 
participating  agencies'  and  industry  technical  efforts;  and  a  newly-created  position  of 
Chair  of  the  government  technical  council,  who  is  responsible  for  tracking  the  overall 
technical  progress  by  overseeing  the  work  of  the  government  technical  managers  in 
each  research  area.   However,  neither  of  these  employees  are  authorized  to  direct 
other  agencies'  missions.   We  simply  disagree  with  the  NRC  that  such  authority  is 
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necessary  or  appropriate.  To  do  that  would  require  changes  in  the  extent  of  each 
agency's  statutory  authority  as  well  as  interference  with  Congressional  Committee 
jurisdiction.    We  do  not  believe  that  such  a  major  overhaul  of  established  structures  is 
necessary  to  accomplish  the  work  of  the  project.  Indeed,  we  believe  that  after  much 
hard  work  and  creative  management  structure  we  have  reached  a  point  that  we  can 
accomplish  the  needs  of  the  program  collegially  rather  than  in  an  authoritarian  way. 

(b)  Since  the  NRC  report  we  have  added  a  Chief  Financial  Officer  to  the 
management  team,  who  is  an  employee  of  the  Office  of  Management  and  Budget  and 
authorized  by  the  0MB  Director  to  track  and  if  necessary  begin  the  process  of 
redirected  funds  in  the  entire  budget  related  to  PNGV.   This  person  does  not  have  the 
unilateral  authority  to  redirect  funds,  for  the  reasons  stated  above,  but  can  track  the 
total  budget  picture  unrestricted  by  agency  jurisdiction  and  can  work  with  0MB  and 
agency  managers  to  make  necessary  changes. 

(c)  See  Mr.  Johns's  responses  to  pre-hearing  questions.     DOT  and  NASA 
requested  funds  to  work  these  issues,  and  both  were  zeroed  out  by  Congress  in  the  last 
fiscal  year.   This  does  not  reflect  a  lack  of  interest  on  the  agencies'  parts.    DOT  is 
optimistic  that  the  requested  funding  will  be  restored  in  1997  to  allow  for  its 
involvement  in  crashworthiness  work.    In  the  interim,  the  DOE's  Office  of  Defense 
Programs  and   Energy  Research  currently  support  a  CRADA  between  five  DOE  labs 
and  the  USCAR  consortium  on  supercomputing  to  develop  analytic  tools  to  predict  the 
energy  absorption  and  collapse  mechanisms  for  lightweight  composite  structures. 

In  addition,  DOT/NHTSA  has  had  underway  a  project  at  DOE's  Lawrence 
Livermore  National  Lab  to  develop  new  models  for  the  DYNA-3D  crash  modeling 
code.  While  this  project  predated  PNGV,  we  expect  the  results  to  be  useful  to  the 
project. 

Finally,  DOE's  Office  of  Transportation  Technologies  1996  budget  request 
included  $550,000  to  begin  collaborative  efforts  with  DOT  to  evaluate  crash  behavior 
of  vehicles  structures  fabricated  form  lightweight  materials.    Congress  did  not  fund 
this  work. 

(d)  As  the  NRC  Chair  testified,  overall  systems  analysis  work  has  been 
underway  for  over  a  year.    Prior  to  that  time,  each  car  company  has  its  own  analyses 
underway,  so  no  time  was  lost  to  the  project.   That  project  was  funded  by  NASA,  and 
Congress  has  not  appropriated  additional  NASA  funds  to  continue  this  project. 
However,  we  are  working  to  find  funding  sources  for  the  project  from  other  agencies, 
and  are  confident  that  we  will  do  so  in  time  to  avoid  any  lapse  in  the  work. 
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(5)        How  would  you  respond  to  a  Congressional  requirement  to  establish  the 
review  process,  such  as  the  existing  NRC  review,  as  a  permanent  part  of  the 
PNGV  program? 

(5)        An  annual  peer  review  has  always  been  a  key  element  of  the  PNGV  project, 
and  the  original  declaration  of  intent,  issued  in  1993,  made  clear  that  annual  peer 
review  would  be  performed  throughout  the  project.   Thus,  both  parties  are  committed 
in  writing  to  this,  and  there  is  no  need  for  Congressional  mandates.    However,  such  a 
mandate  would  not  be  in  any  way  inconsistent  with  the  project's  plans  for  such 
review.  Congressional  support  of  this  review  in  the  form  of  appropriated  funds  to 
cover  the  cost  would,  however,  be  most  appreciated. 


(6)        In  the  written  testimonies  and  other  PNGV  publications,  the  role  of  DOD 
is  described  as  important  within  the  PNGV  program,  yet,  at  least  for  the  last  two 
years,  the  Administration  budget  request  for  hybrid  electric  vehicle  programs  at 
DARPA  (formerly  ARPA)  has  been  zero,  and  each  time  Congress  allocates 
additional  funding.   What  is  the  rationale? 

(6)        Significant  work  underway  at  DARPA  on  advanced  ground  vehicles  that  is 
relevant  to  the  PNGV  program,  such  as  the  Combat  Hybrid  Power  Program,   is  part 
of  the  Administration's  budget  request.   The  question  apparently  refers  to  the 
Electric  and  Hybrid  Electric  Vehicle  Technology  Program,  a  program  funding  regional 
research  consortia,  which  since  its  inception,   has  been  supf)orted  by  congressionally- 
initiated  appropriations. 


(7)       How  do  you  respond  to  the  criticism  raised  in  the  NRC's  review  of  the 
program  management?   Please  specifically  respond  to  the  suggestions  by  Dr. 
Hirsch,  of  the  NRC  Standing  Committee,  and  Professor  Sterling  that  DOE  should 
be  the  lead  agency  in  the  PNGV  program. 

(7)       The  selection  of  DOC  to  be  the  coordinating  agency  for  the  project  was  made 
in  large  part  because  DOC  was  created,  in  part,  to  work  with  industry  to  ensure  its 
competitiveness.    PNGV  is  a  unique  industry  partnership  that  requires  an 
unprecedented  management  structure.  The  government  entered  into  it  to  address  policy 
issues  related  to  the  missions  of  several  agencies,  but  only  DOC  has  as  its  primary 
mission  work  with  industry. 

We  believe  it  is  too  simplistic  to  suggest  that  the  agency  that  contributes  the 
most  money  to  the  partnership  should,  by  definition,  be  the  one  to  manage  it.  Three 
general  points  should  be  noted.    First,  DOE  has  not  expressed  dissatisfaction  with  the 
current  arrangement  nor  any  belief  that  it  interferes  with  achievement  of  its  mission 
or  the  goals  of  the  project.    In  addition,  the  DOC's  role  is  not  to  usurp  the 
independent  authority  of  any  other  agency,  but  to  coordinate  the  work  among  the 
agencies  and  with  industry,  suggest  changes  where  necessary,  and  find  a  coUegial  way 
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to  implement  those  changes.    It  is  in  a  position  to  act  as  an  honest  broker  and  to 
ensure  that  the  multi-dimensional  objectives  of  the  project  are  approached  as  an 
integrated  engineering  challenge  consistent  with,  but  not  limited  by,  other  agencies' 
mission  statements.    Finally,  DOE  employees  play  significant  roles  in  both  the 
technical  and  policy  management  structure.    A  DOE  employee  was  brought  on  to 
address  the  need  for  additional  technical  oversight  identified  by  the  peer  review,  and 
the  Assistant  Secretary  of  Energy  is  a  member  of  the  policy  steering  committee  for  the 
project. 

In  addition,  a  change  in  the  lead  coordinating  agency  at  this  point  could  create, 
rather  than  solve,  management  problems.    As  stated  above,  only  DOC  has  as  its 
mission  work  with  industry.    Given  that  mission  it  is  in  the  best  position  to  serve  as  a 
neutral  broker  between  the  competing  agency  contributions  and  missions,  in  part 
precisely  because  it  does  not  have  a  major  financial  stake  in  which  research  projects 
get  chosen.    Finally,  while  DOE  currently  contributes  more  than  any  other  agency, 
several  other  agencies  spend  significant  amounts  of  their  research  dollars  on  relevant 
work  and  may  not  react  well  to  the  idea  of  management  structure  based  on  financial 
contributions. 


(8)        Why  does  not  the  government  attach  a  higher  priority  to  developing  an  H2 
infrastructure  given  the  fuel  cell  potential? 

(8)        See  Chapman  Response  #11;  Gross  Response  H9. 


(9)  We  understand  that  MAN,  a  m^'or  European  bus  manufacturer,  BMW, 
and  Daimler-Benz,  as  well  as  Mazda,  in  Japan,  are  demonstrating  conventional 
hydrogen-burning  internal  combustion  (IC)  engines. 

(a)    Is  a  hydrogen-fueled  IC  engine  being  considered  by  PNGV  and  if  not, 
why? 

da)   Are  hydrogen  infrastructure  issues  easier  to  solve  in  Europe  or  Japan 
than  in  the  U.S.? 

(c)   Has  there  been  any  study  to  determine  the  feasibility  of  developing 
such  an  infrastructure? 

(9)       See  Chapman  Response  #12(a);  Gross  Response  #10(a). 
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(10)      You  stated  in  your  testimony  that  the  Japanese  and  Europeans  are 
devoting  much  more  resources  to  their  PNGV-like  programs.    What  proportions 
of  their  programs  are  focused  on  infrastructure  issues  and  how  do  they  address 
the  pre-competitive  research  funding  compared  to  the  U.S.  approach? 

(10)      While  we  have  general  information  about  the  gross  totals  being  spent,  and  we 
speculate  that  more  is  being  spent  that  we  are  specifically  aware  of,  we  do  not  have 
enough  detailed  information  to  determine  what  is  being  spent  on  infrastructure  issues 
by  our  foreign  competitors. 


(11)      In  your  response  to  pre-hearing  questions,  you  discuss  agency  missions  and 
their  jurisdiction  as  a  reason  for  not  having  a  single  Chief  Technical  Officer  for 
the  government  PNGV  program.   Why  does  the  agency  with  the  least  technical 
and  fmancial  stake  (namely  DOC)  have  the  nominal  control  of  the  overall 
government  management? 

(11)      See  Response  #  7  above. 


(12)      In  your  response  to  pre-hearing  questions,  you  mentioned  recent 
management  reorganizations  and  designating  a  Technical  Director  for  the  PNGV. 
Can  you  elaborate  on  this  reorganization  and  describe  how  it  resolves  the  type  of 
issues  raised  in  this  question  and  those  that  concerned  the  NRC  review 
committee? 

(12)      See  Response  #4(a)  above;  Chapman  Response. 
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September  16,  1996 


Responses  to 

Questions  following  the  hearing  on 

PARTNERSHIP  FOR  A  NEW  GENERATION  OF  VEHICLES  (PNGV): 

HELD  ON 

1:00  p. m  -400  pm 

Tuesday,  July  30,  1996 

23 1 8  Ray  House  Office  Building 

BY  THE 

SUBCOMMITTEE  ON  ENERGY  AND  ENVIRONMENT 

COMMITTEE  ON  SCIENCE 

US  HOUSE  OF  REPRESENTATIVES 

Ouestions  Addressed  to  Mr  Robert  M  Chapman 
Chairman,  Government  PNGV  Technical  Task  Force 


1 .  Will  PNGV  be  able  to  meet  all  the  technical  requirements  needed  to  properly  select  the 

most  promising  technologies  by  1997? 

A         We  believe  so. 

Although  we  have  not  completely  defined  the  technology  selection  procedure,  from  the 
government's  standpoint  we  may  say  the  following:  The  "selection"  of  a  technology  in  a  given 
area  (eg.,  energy  storage)  should  lead  to  increased  priority  for  funding  of  problem-solving  in  that 
area    However,  this  will  not  necessarily  mean  the  termination  of  government  support  for  other, 
competing  technologies,  it  could  merely  indicate  a  lower  level  of  funding  is  appropriate,  (e.g.:  If 
flywheels  are  selected,  the  flinding  for  flywheel  research  would  need  to  be  increased    In  contrast, 
research  on  the  other  two  competing  technologies— high-power  batteries  and  ultra  capacitors- 
might  be  continued—  albeit  at  a  lower  level  )  In  the  latter  case  the  research  may  be  oriented 
toward  a  future  vehicle  application  beyond  the  horizon  of  PNGV. 

2.  Can  you  comment  on  the  level  of  progress  of  Goals  1  and  2  of  the  PNGV 

initiative? 

A  The  report,  "PNGV  Technology  Accomplishments"  which  was  furnished  to  the 

Subcommittee,  contains  a  significant  number  of  projects  that  bear  on  Goals  I  and  2.  Of  the  65 
accomplishments  listed  in  the  book,  roughly  26  relate  to  Goal  1  and  1 1  to  Goal  2  (some  relate  to 
both  Goals)    In  as  much  as  Goal  3  is  longer  range,  its  related  research  accomplishments  are  not 
expected  to  materialize  until  later 
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a)         How  much  of  the  funds  have  been  devoted  to  these  two  goals? 

The  attached  table  lists  Goal  1,  2  and  3  funding 

3  Is  there  a  need  for  continued  involvement  of  federal  government  in  Goals  I  and  2  efforts, 
and  if  so,  why? 

A.         As  we  have  proceeded  with  the  PNGV  technical  effort,  we  have  shifted  the 
emphasis  on  Goal  1  (Manufacturing  competitiveness)  from  a  global  orientation  to  one  more 
specifically  focused  on  the  manufacturing  impediments  anticipated  with  the  new  technology 
components  to  be  incorporated  in  PNGV  vehicle  systems    As  a  consequence,  Goal  3  is  being 
supported  as  well    These  projects  are  certainly  high  risk  in  that  they  will  involve  the  manufacture 
of  items  never  before  attempted  at  high  production  rates    Therefore,  there  is  a  clear  need  for 
continued  government  involvement  to  help  improve  the  manufacturing  competitiveness  of  our 
industries 

Our  Goal  2  philosophy  is  that,  as  PNGV  research  proceeds  and  developments  are  found 
able  to  be  applied  to  conventional  vehicles,  they  will  be  implemented    Industry  has  pledged  to 
apply  commercially  viable  technologies  resulting  from  this  research  where  it  might  be  expected  to 
increase  vehicle  fliel  efficiency  significantly  and  reduce  emissions    There  are  projects  under  Goal 
2  (and  Goal  1  as  well)  for  which  industry  will  bear  most  of  the  cost. 

4  A  ccording  to  the  NRC  review  and  discussions  by  the  PNG  V  technical  working  group,  cost 
reduction  and  safety  are  often  listed  as  highly  critical  barriers  needing 

further  "research.  "  However,  while  these  items  may  require  research,  often  they  involve 
manufacturing  and  engineering  issues  that  are  directly  related  to  the  competitiveness  of 
the  performer.  Do  you  have,  or  can  you  propose,  criteria  for  determining  which  areas  of 
such  research  really  warrant  government  funding'^ 

The  criteria  should  be  the  same  as  for  all  PNGV  research  projects  supported  by  the 
government:  They  must  be  high-risk,  long-range  technologies  that  are  critical  to  the  goals  of  the 
program    Research  that  goes  beyond  the  generic,  collaborative,  pre-competitive  category  should 
not  be  supported  by  the  federal  government 

One  should  keep  in  mind,  however,  that  the  cost-reduction  and  safety  issues  that  the  NRC 
and  technical  working  groups  are  referring  to  are  not  for  technologies  currently  in  mass 
production,  but  for  technologies  and  material  that  will  need  to  be  mass  produced  in  the  future  to 
achieve  Goal  3 

5  Why  are  the  Big  Three  auto  companies  funded  separately  for  pre-competitive  research 
via  contracts  and  CRADAs  instead  of  funding  USCAR  as  a  consortium? 

USCAR  is  a  legal  entity  and  may  receive  government  fianding    The  method  of  funding 
PNGV  research  varies  according  to  a  judgement  on  what  contractual  arrangement  best  meets  the 
partnership's  needs    Many  of  the  cost-shared  cooperative  agreements  and  CRADAs  predate 


145 


PNGV  and,  consequently,  are  with  individual  companies    In  general,  a  variety  of  different  funding 
mechanisms  have  been  utilized    In  one  important  recent  example,  the  NASA  funding  for  support 
of  systems  analysis  was  channeled  to  USCAR    PNGV's  technical  team  structure  provides  the 
forum  for  sharing  information  and  for  pre-competitive  collaboration  among  the  individual  car 
companies. 

6  How  do  you  respond  to  the  review  comments  by  the  PNGV  Standing  Committee  of  NEC, 

which  aside  from  the  specific  technical  recommendations,  point  out  the  following 
shortcomings  of  the  PNGV  program: 

a)  Lack  of  a  single  technical  director  for  the  PNGV  government  management  or 

USCAR. 

A  The  auto  industry  has  explained  repeatedly  their  reasoning  for  their  management 

structure    I  refer  you  to  Mr  Mull's  response 

With  regard  to  the  government  side  of  the  partnership  there  is  —  and  has  been  right 
along  —  a  single  technical  program  director:  me    The  issue  the  NRC  has  fastened  on  is  that  of  the 
government  program  management  directing  other  agencies'  technical  efforts  in  support  of  PNGV 
There  are  sensitive  issues  raised  when  one  federal  department  interjects  itself  into  programmatic 
decision-making  in  other  agencies    Because  of  the  realities  of  agencies'  missions.  Congressional 
authorizations,  appropriations  and  similar  constraints,  the  process  of  gaining  support  for  PNGV 
objectives  must,  in  most  cases,  be  pursued  by  leadership  through  education  and  persuasion    This 
process  has  been  facilitated  recently  by  the  creation  of  a  Chief  Financial  Officer  in  the  Office  of 
Management  and  Budget    (See  also  answer  to  question  number  4b  posed  to  Dr  L  S  Johns) 

b)  Lack  of  an  empowered  management  structure  at  DoE  and  DoC  to  affect  the 
array  of  federally  funded  projects. 

A  Early  this  year  the  Department  of  Energy  restructured  its  organization  to  place  all 

PNGV-related  activity  in  its  Energy  Efficiency  division  under  one  manager    He  now  has  the 
ability,  within  Congressional  appropriations  guidelines,  to  shift  fiinds    The  management  structure 
of  DoE  relative  to  PNGV,  therefore,  may  be  considered  empowered. 

The  DoC,  on  the  other  hand,  does  not  have  access  to  any  central  source  of  funds  that 
might  be  dispensed  to  other  agencies  to  support  PNGV  projects. 

c)  The  need  for  more  support  and  involvement  in  the  PNGV  research  program  by 
NASA.  DoD  and  DoT  (specifically  lack  of  attention  to  safety  issues  arising  from 
drastic  changes  in  material  and  structure  required  for  the  PNGV  vehicles). 

A.        NASA  in  the  past,  has  funded  the  systems  analysis  work  and  NASA  personnel 
continue  to  participate  in  PNGV  technical  activities    In  FY96  Congress  deleted  all  fijnding 
identified  as  PNGV-specific  based  on  their  belief  that  it  was  not  a  NASA  priority    DoD  is 
collaborating  in  the  power  electronics,  flywheels,  manufacturing  and  materials  areas    DoT 
requested  funds  in  FY96  to  support  research  on  safety  issues.  Their  request  was  denied  by 
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Congress  as  being  premature    However,  we  believe  their  request  will  be  at  least  partially 
supported  by  Congress  in  FY97     It  is  our  expectation  that  there  will  be  increased  support  for 
PNGV  from  these  agencies  in  the  future. 

d)         The  need  for  analysis  of  current  andpost-PNGV  technologies,  overall  systems 
analysis,  as  well-defined  and  detailed  program  plan  and  adequate  resource 
allocation. 

A.         The  need  have  already  been  addressed    Analysis  of  current  and  post-PNGV 
technologies  is  on-going,  the  overall  systems  analysis  model  has  been  developed  and  validated    A 
revision  of  the  program  plan  was  prepared  in  November  1995    Copies  of  the  revised  plan  were 
furnished  to  the  subcommittee  before  the  hearing. 

7)  How  would  you  respond  to  a  Congressional  requirement  to  establish  the  review  process, 
such  as  the  existing  NRC  review,  as  a  permanent  part  of  the  PNGV  program? 

A  The  NRC  Peer  Review  is  mandated  in  the  Declaration  of  intent,  the  basic 

agreement  between  the  government  and  industry    The  Peer  Review  and  the  continuing  interaction 
of  the  Chairman  and  committee  members  have  been  a  very  beneficial  component  of  the  PNGV 
program    We  have  had  persistent  difficulty  obtaining  funding  for  the  Peer  Review,  especially  at 
the  level  the  NRC  recommends    The  DoC  has  been  the  main  source  of  funding  with  other 
agencies  contributing 

8)  In  the  written  testimonies  and  other  PNG  V publications,  the  role  ofDoD  is  described  as 
important  withm  the  PNGV  program,  yet,  at  least  for  the  last  tn'o  years,  the 
Administration  budget  request  for  hybrid  electric  vehicle  programs  at  DARPA  (formerly 
ARPA)  has  been  zero,  and  each  time  Congress  allocates  additional  funding.   What  is  the 
rationale? 

A  Much  of  the  works  underway  at  DARPA  on  advanced  ground  vehicles  is  relevant 

to  PNGV  and  is  part  of  the  Administration's  budget  request    The  hybrid  electric  vehicle 
consortium  program  predated  PNGV    Since  its  inception,  it  has  been  supported  by 
congressionally-initiated  appropriations 

9)  The  PNGV  program  is  more  than  three  years  old.  yet  an  important  component,  namely 
an  overall  system  analysis  (also  emphasized  by  the  NRC  panel)  has  not  been 
accomplished. 

It  was  not  accomplished  at  the  time  of  the  last  Peer  Review  in  August  1995.  However,  at 
this  point  models  have  been  developed  and  validated  for  an  overall  systems  analysis  along  with 
supporting  models  for  key  technologies    Continued  effort  will  be  necessary  to  refine  the  models 
in  light  of  developments  in  the  research  process,  but  that  was  expected 

a)         How  can  you  have  any  certainty  in  your  success  given  the  lack  of  such  capability'/' 

A.         We  have  successfully  validated  our  systems  analysis  models. 
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b)  Would  it  nol  be  more  desirable  to  perform  an  overall  system  analysis  that  can  be 

used  as  a  "design/system  performance  evaluation'^ "  Why? 

This  is  what  we  have  done  and  will  continue  to  refine.  (There  appears  to  be  a  difference 
between  what  we  define  as  systems  analysis  and  what  the  subcommittee  understands  it  to  be 
This  may  best  be  resolved  by  a  briefing  on  this  topic  or  a  specific  report  by  the  NRC  after  their 
next  review.) 

1 0)  What  are  the  most  critical  technical  barriers,  aside  from  cost  reduction  and  hydrogen 
(HJ  infrastructure  issues,  for  the  use  of  fuel  cells  in  automobiles? 

A  Those  two  are  challenge  enough!  We  currently  are  operating  a  stack  at  the  lOkw 

level    In  order  to  be  a  credible  candidate,  a  fuel  cell  should  be  able  to  demonstrate  reliable 
performance  at  the  60-80kw  level    Problems  not  presently  imagined  will  most  likely  appear  when 
a  full-scale  fuel  cell  is  subjected  to  real  world  operating  conditions. 

1 1 )  Why  does  the  government  not  attach  a  higher  priority  to  developing  an  //,  infrastructure 
given  the  fuel  cell  potential? 

A         Under  the  present  schedule,  with  the  PNGV  production  prototype  fielded  in  2003, 
the  earliest  model  year  introduction  would  be  about  2006  —  ten  years  from  now    Begging  the 
question  of  whether  the  government  should  be  developing  such  an  infrastructure,  PNGV  research 
on  fijel  cells  has  not  reached  the  stage  where  we  may  with  certainty  say  what  kind  of 
infrastructure  would  be  needed    This  could  range  from  H,  gas  pipelines  to  reforming  stations 
with  cryogenic  or  high  pressure  storage    The  investments  required  could  be  tremendous  and  a 
wrong  guess  at  this  stage  would  be  very  expensive. 

12)  We  understand  that  MAN,  a  major  European  has  manufacturer,  BMW  and  Daimler- 
Ben:,  as  well  as  Mazda,  in  Japan,  are  demonstrating  conventional  hydrogen-burning 
internal  combustion  (IC)  engines. 

a)  Is  a  hydrogen-fueled  IC  engine  being  considered  by  PNGV  and  if  not,  why? 

A  Yes    There  are  compelling  inherent  advantages  to  hydrogen  as  a  fijel  that  cannot 

be  ignored    The  EPA's  Ann  Arbor  laboratory  has  the  lead  for  investigating  candidate  fliels  for 
I  C  engines    Additionally,  several  of  the  Department  of  Energy's  national  laboratories  are 
engaged  in  such  research    The  DICI  (engine)  Technical  Team  will  select  the  appropriate  fijel 
based  on  optimum  performance  of  the  engine,  environment  consideration  and  necessary 
infrastructure. 

b)  Are  hydrogen  infrastructure  issues  easier  to  solve  in  Europe  or  Japan  than  in  the 
U.S.  ?  Has  there  been  any  study  to  determine  the  feasibility  of  developing  such  as 
infrastructure'!' 
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A         We  have  taken  an  initial  iooic  at  infrastructure  issues    That  effort  is  planned  to 
continue  with  increasing  depth  as  the  definition  of  the  preferred  PNGV  fijel  form  becomes  clearer 
If  the  Europeans  or  the  Japanese  have  relevant  infrastructure,  we  will  certainly  wish  to  learn  as 
much  about  it  as  possible    (See  T  Gross'  response  for  elaboration) 

We  also  must  consider  that  H2  is  expensive  to  produce.  In  countries  where  gasoline  costs 
$3  to  $4  per  gallon,  hydrogen  may  look  competitive  as  a  fuel  long  before  it  does  in  the  U.S. 

13)       Composites  are  widely  used  in  aerospace,  boats  and  some  automobiles.  A  great  deal  of 
PNGV-relevant  research,  particularly  funded  by  A  TP  (about  $136  million  for  FY95-97), 
involves  composites  materials  and  manufacturing  techniques.  Many  of  the  projects 
address  cost  reduction  and  high-volume  manufacturing  development. 

a)  What  is  the  role  of  the  federal  government  in  such  projects? 

A  The  composites  currently  used  in  boats  and  cars  are  generally  not  used  for  primary 

load-bearing  components,  other  than  hulls,  which  handle  distributed  loads  and  are  hand-built 
Aerospace  composites  are  suitable  for  high-load  applications,  but  they  cost  typically  about  10 
times  more  than  they  would  have  to  for  mass  production    There  are  not  affordable  composites 
available  that  can  be  used  to  make  automobile  suspension  or  steenng  components,  for  instance. 

The  Advanced  Technology  Program  challenges  private-sector  firms  to  achieve  major 
technological  progress  of  long-term  national  significance  in  the  face  of  dynamic  market 
conditions    In  the  private-sector  the  focus  is  of^en  on  short-term,  lower  risk  technical  problems 
leading  to  only  incremental  advances    High  risk,  fragmentation  of  technical  effort,  difHise 
benefits,  and  lack  of  patient  R&D  fijnding  can  seriously  retard  industry  progress.  NIST/ATP 
participation  can  catalyze  industrial  technology  development  efforts  and  enhance  private  flinding 
to  get  the  job  done  more  quickly 

The  ATP  Manufacturing  Composites  Structures  program  represents  such  an  effort  to  catalyze 
multiple  companies  and  multiple  industries  in  action    The  program  was  initiated  in  1995  following 
submissions  of  whitepapers  from  a  broad  cross-section  of  the  composites  industry,  and  a  series  of 
meetings  to  define  specific  industry  needs    The  US  industry  consensus  was  that  commercial, 
non-military,  non-recreational  applications  of  polymer  matrix  composites  were  severely  limited  by 
high  manufactured  part  cost,  the  complexity  of  design  inherent  with  this  class  of  materials,  and  the 
inherent  risk  in  the  introduction  of  new  materials    It  was  the  strong  view  of  industry  that  a 
partnership  with  the  ATP  was  needed  to  achieve  the  critical  mass  of  resources  and  coordinated 
effort  across  the  supply  chain  required  for  widespread  application  for  composites    It  was  also 
shown  that  only  a  small  percentage  of  federal  R&D  funding  was  directed  to  manufacturing  of  this 
now  intermediate  class  of  composites  positioned  between  low-end  applications  such  as  shower 
enclosures  and  sailboats,  and  high-performance  aerospace  applications  such  as  military  aircraft 
Most  importantly,  industry  indicated  that  the  technical  barriers  to  commercially  cost-competitive 
manufacturing  in  industries  such  as  automobile  manufacturing  were  significant  and  required 
sustained  research  much  higher  in  risk  than  that  currently  being  supported  by  the  materials 
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September  16,  1996 


Responses  to 

Questions  following  the  hearing  on 

PARTNERSHIP  FOR  A  NEW  GENERATION  OF  VEHICLES  (PNGV); 

HELD  ON 

1:00  pm  -400p.m^ 

Tuesday,  July  30,  1996 

23 1 8  Ray  House  Office  Building 

BY  THE 

SUBCOMMITTEE  ON  ENERGY  AND  ENVIRONMENT 

COMMITTEE  ON  SCIENCE 

US  HOUSE  OF  REPRESENTATIVES 


Note:    The  answers  to  these  questions  were  developed  in  close  collaboration  with  USCAR. 
Their  response  is  presented  here  also  with  some  additional  comments  as  appropriate. 

Questions  posed  by  the  Honorable  Bill  Baker. 

Q I )      hit  your  understanding  that  the  PNG  V  program  is  currently  open  and  accessible  to 
interested  small  businesses? 

We  have  heard  some  concern  expressed  by  small  businesses  who  state  that  they  have 
attempted  to  become  involved  in  the  PNGV  program,  but  faced  many  hurdles  in  doing  so. 

A.         We  have  established  mechanisms  in  several  agencies  of  the  government  and  targeted 

programs  for  small  suppliers  and  universities    There  are  some  400  suppliers  (universities, 
laboratories,  and  established,  as  well  as  non-traditional,  companies)  involved  with  PNGV 
We  are  expanding  the  involvement  of  second  and  third  tier  and  non-technical  suppliers. 
For  these  constituents,  there  are  numerous  outreach  efforts,  urging  and  easing 
participation    Examples  include: 

•  Inventions  Needed  for  PNGV  is  an  important  outreach  publication  used  to  solicit 
ideas  and  to  inform  interested  third  parties  on  how  to  become  involved  It  is  also 
accessible  on  the  Internet 

•  We  have  held  "outreach"  workshops  this  year  on  the  following  topics:  CIDIs, 
aluminum,  chassis  materials,  fliel  cells  and  manufacturing,  electronics  and 
electrochemical  energy  storage 

•  Symposia  have  been  held  in  Washington,  DC  to  bring  together  the  nation's 
experts  in  such  areas  as  fijel  cells,  advanced  materials,  electrical  and  electronics, 
and  energy  storage. 
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•  The  FutureCar  program  involves  universities  and  numerous  suppliers 

•  The  government's  Small  Business  Innovative  Research  (SBIR)  program  and 
Energy  Related  Inventions  Program  (ERIP)  enable  small  suppliers  to  become 
involved  in  PNGV  related  research 

•  NSF  welcomes  university  proposals  on  PNGV  topics  subject,  of  course,  to  normal 
peer  review. 

Innovative  concepts  are  protected  by  normal  legal  processes  as  in  any  research 
collaboration 

Q2.       How  much  of  an  emphasis  is  put  on  small  business  contributing  new  technologies 
and  innovation  to  the  program 

A.         At  present,  we  have  about  400  organizations  involved  in  PNGV,  many  of  which 
offer  new  enabling  technologies    Several  small  non-traditional  firms  are  also 
participating    PNGV  also  includes  a  process  for  suppliers  or  private  entrepreneurs 
to  obtain  information  about  the  program  and  to  submit  their  ideas    A  recently 
published  document  entitled  Inventions  Needed  for  PNGV  is  being  used  to  solicit 
ideas  and  to  inform  interested  third  parties  on  how  to  become  involved. 

Q3 .       How  much  of  an  emphasis  is  placed  on  small  businesses  filling  a  needed  technical 
void  under  the  PNGV's  prevailing  design  plans? 

A  The  program  is  seeking  breakthrough  technology  irrespective  of  source  or 

geographic  location    While  the  Partnership  is  sensitive  to  the  point  that  it  needs  to 
take  special  care  to  evaluate  technologies  from  small  entrepreneurial  firms,  its 
emphasis  must  remain  on  securing  the  best  available  technologies. 

Q4       What  mechanisms  exist  for  new  innovative  technologies  proposed  by  small 
businesses  to  be  pursued  if  they  are  not  being  considered  by  the  Big  Three'^ 

A  The  government  has  several  existing  mechanisms  that  can  help  individuals  and 

small  businesses.  Examples  are  the  Small  Business  Innovative  Research  (SBIR) 
programs  of  every  participating  agency  and  DoE-fijnded,  NIST-executed  Energy 
Relation  Inventions  Program  (ERIP)    Beyond  these  programs,  agencies  are 
supporting  work  with  smaller  companies,  without  any  direct  participation  by  any 
of  the  USCAR  partners    Examples  include  the  seven  ARPA  regional  consortia 
working  on  hybrid  and  electric  vehicles  and  DoE  CRADAs  with  various  third 
parties 

Ultimately,  though,  the  reality  is  that  a  small  business  will  have  to  convince  at  least 
one  auto  maker  to  use  its  innovative  technology,  or  it  will  not  reach  the  mass 
market. 

Q5        Would  it  be  a  standard  business  practice  to  sign  non-disclosure  agreements  with  a 
small  businessman  who  come  to  the  PNGV  program  in  order  to  determine  the 
worth  to  the  program  of  a  new  technology  he  or  she  wanted  to  advance?  If  not 
why  not? 
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A  The  government  receives  many  suggestions  and  ideas  from  small  businesses  on 

ways  to  use  our  energy  resources  better    In  general,  we  prefer  not  to  sign  non- 
disclosure agreements  in  order  to  determine  the  worth  of  a  new  technology  to  the 
program    Instead,  in  the  recent  PNGV  report.  Inventions  Needed  for  PNGV.  the 
different  ways  small  businesses  and  individual  inventors  may  participate  in  PNGV 
are  identified    For  example,  to  evaluate  new  technologies,  DoE  and  the  National 
Institute  of  Standards  and  Technology  (NIST),  frequently  rely  on  the  Energy- 
Related  Inventions  Program  (ERIP)    This  program  was  established  by  Congress  to 
provide  small  businesses  and  individual  inventors  a  simple  mechanism  to  evaluate 
the  feasibility  of  a  new  technology,  and  possibly  to  provide  financial  support  for 
the  development  of  energy-related  concepts  and  inventions    NIST  provides,  at  no 
cost  or  obligation,  an  evaluation  of  concepts  and  inventions  to  determine  their 
technical  feasibility,  marketability,  and  potential  for  significant  energy  conservation 
or  improvements  in  the  supply  of  energy    The  NIST  keeps  all  invention 
disclosures  under  strict  control.  Promising  inventions  are  forwarded  to  DoE  for 
possible  financial  support 

Q5a.     Is  this  a  standard  procedure  that  the  government  follows  in  its  negotiations? 

A  The  report  Inventions  Needed  for  PNGV.  describes  a  variety  of  mechanisms 

whereby  DoE  can  join  with  small  businesses  and  individual  inventors  to  participate 
in  PNGV.  These  programs  include,  for  example,  the  Small  Business  Innovative 
Research  Program,  Energy-Related  Inventions  Program,  and  the  Small  Business 
Technology  Transfer  Program    Each  program  has  standard  procedures  for 
protecting  confidential  information    Initially,  the  Partnership  would  prefer  to 
evaluate  new  technologies  without  the  bureaucratic  delays  inherent  in  non- 
disclosure agreements.   Small  businesses  are  encouraged  to  protect  information 
through  patents  and  other  traditional  mechanisms  consistent  with  established 
business  practices    If  a  technology  appears  to  have  promise,  it  is  typically  in  the 
best  interest  of  both  the  supplier  and  the  Partnership  to  enter  into  non-disclosure 
agreements. 


Questions  posed  by  the  Honorable  Jackson  Lee 

Ql .       The  structure  and  management  of  the  program  have  been  called  into  question  by 
some  people.  Canyon  give  me  recommendations  as  to  how  the  program  could  be 
restructured  on  the  government  or  industry  side  to  bring  about  better  or  more 
efficient  management? 

A.         The  management  structure  of  PNGV  was  agreed  upon  by  the  auto  companies  and 
their  partners  in  the  Federal  agencies    At  the  time  everyone  recognized  the 
realities  of  agencies  managing  within  existing  program  budgets.  The  complications 
inherent  in  large  competing  companies  working  together  on  pre-competitive 
research  was  also  recognized    We  all  understand  now  that  this  management 
structure  is  somewhat  tedious  in  that  it  must  rely  on  consensus  building  rather  than 
command  and  control    But  just  as  no  Federal  agency  or  Congressional  committee 
will  cede  control  of  its  budget  to  another,  it  is  even  less  appropriate  for  a 
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corporation  to  cede  control  of  future  products  to  a  competitor's  project  manager. 
We  have  continued  to  improve  efficiency  within  the  present  structure  by  sharing 
pre-competitive  technology  and  combining  industry/;^  >vemment  research  programs 
whenever  possible    The  shared-responsibility  managei.  'nt  system  we  are  using  is 
familiar  to  anyone  who  has  worked  with  risk-sharing  joim  ventures    While 
cumbersome  at  times,  this  consensus  style  of  operation  leads  to  frank  dialog  about 
issues  and  potential  solutions  and  produces  high-quality  decisions 

Q2        fVhen  do  you  see  the  technologies  being  developed  under  the  PNG  V  program 
coming  into  wide  use  in  the  production  of  automobiles'^ 

A.         The  industry  has  committed  to  offer  new  technologies  developed  in  PNGV  on 

conventional  vehicles  as  soon  they  become  commercially  viable    This  process  has 
already  begun  with  the  introduction  of  both  composite  and  aluminum  parts  (such 
as  hoods  and  trunk  lids)  to  replace  conventional  steel  applications  for  weight 
reduction    As  the  technical  development  process  continues,  more  and  more 
applications  are  expected  to  benefit  all  classes  of  vehicles  leading  to  more  efficient 
vehicle  fleets  that  offer  increased  payload  or  increased  fliel  efficiency  options  to  the 
public. 

Q3.       Can  you  tell  me  what  the  returns  are  that  we  can  expect  from  the  PNGV  program 
in  terms  of  reduced  oil  usage,  new  car  exports  and  environmental  benefits? 

A  PNGV  is  a  research  program  with  very  ambitious  goals.  The  positive 

contributions  of  the  program  will  be  directly  related  to  the  degree  we  achieve  our 
objectives  and  the  public  accepts  this  new  class  of  highly  sophisticated  vehicles    It 
is  difficult  to  identify  specific  timetables  and  deliverables  for  PNGV  benefits 
However,  we  believe  development  of  these  technologies  will  have  widespread 
societal  benefits  such  as  the  preservation  of  high-paying  jobs  and  contribute  to  air 
quality,  energy  security,  and  improved  industrial  competitiveness. 

The  returns  we  may  expect  from  PNGV  depend  greatly  on  a  number  of  factors, 
including  the  degree  to  which  we  achieve  our  objectives,  the  commercial 
acceptance  of  the  vehicles  (market  penetration),  the  price  and  availability  of  oil, 
and  the  future  imposition  of  additional  state  and  federal  regulations    The 
commercialization  of  technologies  now  under  development  in  support  of  PNGV  is 
projected  to  produce  savings  in  oil  of  up  to  one  million  barrels  per  day  by  the  year 
2020    This  would  represent  an  annual  savings  in  energy  cost  of  around  ten  billion 
dollars  ( 1 994  dollars)    Along  with  these  energy  savings,  there  would  be  a 
concomitant  reduction  in  annual  carbon  emission  of  approximately  twenty-five 
million  tons. 


Question  posed  by  the  Honorable  Zach  Wamp 

Q         Does  use  of  lightweight  material  in  building  [automobiles]  compromise  [their] 
safety? 
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A.         The  PNGV  goal  is  to  achieve  up  to  three  times  improvement  in  fuel  efficiency 
without  compromising  customer  acceptability  of  the  product,  including 
affordability  and  safety    The  specifics  of  our  technical  strategy  include  up  to  40% 
weight  savings  for  the  total  vehicle    Our  objective  is  to  achieve  the  PNGV 
technical  targets,  including  the  weight  savings,  without  compromising  safety, 
performance  or  other  customer  expectations  and  needs. 

This  is  a  significant  challenge    The  connection  between  occupant  safety  and 
vehicle  weight  and  size  has  been  thoroughly  examined  over  the  years  and  is  well 
understood  for  the  current  materials  and  designs  used  in  cars  and  light  trucks    A 
number  of  studies  have  been  done  by  government  and  private  sector  organizations 
that  have  clearly  demonstrated  that  reducing  either  vehicle  size  or  weight  will 
reduce  occupant  safety    This  safety  impact  has  been  a  major  concern  of  the  auto 
companies  when  responding  to  regulations  such  as  higher  fuel  economy  standards 
for  vehicles,  which  may  lead  to  reduction  in  vehicle  size  and/or  mass    We 
therefore  wish  to  see  Congress  approve  the  funding  DoT  has  requested  for  PNGV 
research  in  the  National  Highway  Safety  and  Traffic  Administration  (NHTSA) 

The  PNGV  program  expects  to  avoid  one  of  these  problems  by  not  undertaking 
any  significant  downsizing  in  the  vehicles.  Maintaining  vehicle  size  will  maintain 
the  crush  space  of  existing  vehicles  and  thus  will  not  reduce  the  space  in  the 
PNGV  vehicles  in  which  the  energy  of  the  crash  must  be  managed 

Just  as  important  as  size,  however,  is  the  mass  (or  weight)  of  the  vehicle    In  most 
accident  situations,  the  occupants  of  the  vehicles  involved  are  better  protected 
when  their  vehicles  have  more  mass    According  to  the  basic  laws  of  physics 
heavier  vehicles  have  an  advantage  in  deforming  or  displacing  obstacles  such  as 
trees,  poles  and  fences    This  allows  these  vehicles  valuable  additional  space  to 
decelerate  the  vehicle  and  its  occupants    Statistical  evidence  shows  that  these 
safety  advantages  afforded  to  occupants  of  heavier  vehicles  more  than  outweigh 
any  disadvantages,  such  as  increased  risk  to  pedestrians  or  bicyclists    Thus, 
PNGV's  goal  of  reducing  weight  by  40%  without  adversely  affecting  safety  is  a 
substantial  task 

New  steel,  aluminum,  and  composite  materials  will  be  used  to  accomplish  the 
weight  savings    A  key  criterion  in  material  selection  and  design  will  be  the 
properties  that  these  materials  display  in  vehicles    Aluminum  and  composites  have 
shown  the  potential  to  be  superior  energy  absorbers  compared  with  current 
materials 

Vehicle  structural  designs  and  enhanced  occupant  restraint  systems  are  expected  to 
be  the  primary  tools  for  achieving  today's  equivalent  crash  protection  performance 
with  lighter  weight  materials 

Automotive  safety  is  an  important  component  of  PNGV    If  we  meet  the  goal  of 
80  miles  per  gallon,  but  cannot  meet  the  safety  standards  Americans  expect,  then 
we  have  failed    The  goals  of  PNGV  are  very  clear:  the  vehicles  must  meet  all 
applicable  Federal  Motor  vehicles'  Safety  Standards    PNGV-related  safety  issues 
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are  currently  being  studied  at  several  federal  laboratories    The  unique  expertise  of 
ORNL  in  the  field  of  lightweight  materials  is  playing  a  critical  role  in  helping  DoE, 
and  our  industry  partners,  assure  the  safety  of  America's  cars  of  the  future.  For 
example,  ORNL  is  a  partner  in  a  cooperative  research  and  development  agreement 
with  the  automakers  and  four  other  DoE  national  laboratories  in  developing 
analytic  tools  to  predict  the  energy  absorption  and  collapse  mechanisms  of 
composite  structures  for  crash  and  energy  management  applications    We  hope, 
additionally,  that  in  FY97  NHTSA  will  also  be  active  in  this  area. 

In  summary,  reducing  mass  (weight)  generally  involves  reducing  vehicle  safety. 
We  believe  that  maintaining  size  and  crush  space  while  incorporating  the  new 
advanced  materials  and  safety  technologies  that  are  emerging  from  PNGV  research 
will  allow  PNGV  to  increase  fuel  efficiency  by  up  to  three  times  without  sacrificing 
safety. 
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Questions  Following  the  Hearing  on 

Partnership  for  a  New  Generation  of  Vehicles  (PNGV): 
Assessment  of  Program  Goals,  Activities  and  Priorities 

Submitted  by  the 

Subcommittee  on  Energy  and  Environment 

Committee  on  Science 

U.S.  House  of  Representatives 

to 

Dr.  Joseph  Bordogna 

Assistant  Director  for  Engineering 

National  Science  Foundation 


1)   Although  Goals  1  and  2  contribute  to  Goal  3  [of  the  PNGV  initiative],  they  address  the  more 
short-term  issues  facing  the  auto  industry  and  perhaps  involve  competitive 
research/development  areas. 

a)  How  were  these  goals  (1-3)  initially  developed? 

ANSWER:  The  PNGV  goals  were  defined  and  shaped  based  on  a  series  of  studies  and 
partnerships  developed  among  the  agencies.  With  the  appointment  of  Science  Advisor  Dr.  Jack 
Gibbons,  an  interagency  subcommittee  was  formed  within  the  Federal  Coordinating  Council  on 
Science,  Engineering  and  Technology  (FCCSET)  Advanced  Manufacturing  Technology  (AMT) 
initiative  to  study  research  and  development  issues  relevant  to  automotive  technologies.  This 
subcommittee  worked  for  several  months.  The  results  were  presented  to  representatives  of  the 
automotive  industry  for  their  consideration.  After  considerable  discussion  agreement  was 
reached  on  the  common  goals  that  were  subsequently  announced  by  President  Clinton  on 
September  29,  1993.  When  the  National  Science  and  Technology  Council  (NSTC)  was  created, 
the  activities  of  the  FCCSET  AMT  subcommittee  were  subsumed  into  the  newly-formed  PNGV 
effort,  and  became  part  of  the  activities  of  the  NSTC  Committee  on  Civilian  Industrial 
Technology  (now  the  Committee  on  Technological  Innovation). 

b)  What  were  the  rationale  for  these  goals  and  do  they  need  to  be  modified? 

ANSWER:  The  rationale  for  a  strong  emphasis  on  a  new  generation  of  vehicles  relates  to  the 
investment  strategy  employed  for  the  entire  federal  R&D  budget:  to  create  and  sustain  an 
infrastructure  usable  by  all  to  create  new  knowledge  and  enable  U.  S.  leadership  in  the  automotive 
industry.  The  focus  of  these  goals  is  on  enabling  a  manufacturing  infrastructure  which  industry 
generally  can  draw  upon,  and  to  stretch  beyond  what  is  possible  with  current  technology. 
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Goal  1 ,  to  improve  competitiveness  in  manufacturing,  is  not  confined  to  short-term  advances, 
although  these  are  a  major  part  of  it.  As  an  example  of  longer-term  work,  NSF  and  DARPA  are 
jointly  supporting  an  initiative  this  year  entitled  "Experiments  in  Distributed  Design  and 
Fabrication  and  Rapid  Prototyping  Using  Agile  Networking."  This  effort  is  aimed  at  enabling 
linkages  between  industry  and  manufacturing  and  computer  science  research  communities  to 
develop  new  methodologies  and  standards,  based  on  rigorous  research  results,  that  will  make 
distributed  manufacturing  possible. 

2)  According  to  the  NRC  review  and  discussions  by  the  PNGV  technical  working  group,  cost 
reduction  and  safety  are  often  listed  as  highly  critical  technical  barriers  needing  further 
"research".  However,  while  these  items  may  require  research,  often  they  involve 
manufacturing  and  engineering  issues  that  are  directly  related  to  the  competitiveness  of  the 
performer.  Do  you  have,  or  can  you  propose,  criteria  for  determining  which  areas  of  such 
research  really  warrant  govenmient  fiinding? 

ANSWER:  From  NSF's  point  of  view,  new  knowledge  can  L-  used  in  two  ways:  (1)  to  improve 
productivity,  thus  enabling  cost  reduction  of  products  and  processes  that  already  exist;  and  (2)  as 
the  basis  for  innovation  to  create  new  products  and  processes,  many  of  which  could  lead  to 
improved  safety.  The  greatest  advances  in  cost  reduction  and  safety  are  likely  to  come  from 
radically  new  approaches  to  materials  processing  and  manufacturing,  rather  than  from  incremental 
improvements  in  existing  technologies.  The  role  of  federal  R&D  investments  should  be  toward 
the  speculative,  high-risk/high-payoff  ideas  that  are  judged  by  technical  experts  to  be 
fundamentally  soimd.  Our  fast-paced  technological  society  depends  on  complex,  ever-changing 
products,  processes  and  systems,  but  failure  in  design  or  manufacture  can  lead  to  large-scale 
harm.  Safety  is  becoming  more  and  more  an  important  issue,  but  approaches  to  achieving  it  are 
also  becoming  more  complex.  There  are  now  academic  disciplines  that  dwell  on  the  principles  of 
safety,  and  engage  in  scholarly  activities  with  the  purpose  of  fundamentally  improving  the 
performance  of  all  potentially  harmful  functions,  materials,  products,  processes,  systems,  and 
behaviors  in  society. 

3)  How  would  you  respond  to  a  Congressional  requirement  to  establish  the  review  process, 
such  as  the  existing  NRC  review,  as  a  permanent  part  of  the  PNGV  program? 

ANSWER:  NSF  believes  that  review  processes  for  special  purposes  are  best  carried  out 
periodically  as  needed  rather  than  within  a  permanent  organizational  structure.  The  PNGV 
investment  is  being  made  at  a  time  in  history  where  a  national  need  exists.  It  is  not  intended  to 
exist  permanently.  To  review  any  such  investment,  the  best  people  should  be  chosen  who  can 
make  an  objective  and  rigorous  assessment  within  the  context  of  the  special  purpose  for  which 
the  investment  was  made. 
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4)  Can  you  provide  some  historical  background  about  the  PNGV  estabhshment  and  relevant 
discussions  that  may  have  dated  back  to  the  Bush  Administration? 

ANSWER:  This  background  was  provided  as  part  of  the  answer  to  Question  (1)  above. 

5)  What  is  the  significance  of  NSF's  role  in  the  PNGV  program? 

ANSWER:  NSF  believes  its  responsibility  includes  improving  the  connection  between  a 
long-term,  fiindamental  search  for  new  knowledge  and  its  ultimate  impact  on  industrial 
innovation.  An  integral  part  of  NSF  support  for  research  is  bringing  the  generalized  concepts, 
knowledge  and  research  techniques  to  the  classroom  and  teaching  laboratory  to  prepare  students 
for  successful  careers  contributing  to  the  competitiveness  and  strength  of  U.  S.  industry.  The 
PNGV  program  enables  NSF-supported  investigators  to  build  stronger  ties  with  those  who  will 
be  the  eventual  beneficiaries  of  their  research  results  as  well  as  with  the  community  of  potential 
employers  of  their  students. 

6)  Can  you  elaborate  on  the  role  of  NSF  in  the  PNGV  program  and  in  setting  priorities? 

ANSWER:  NSF  staff  have  begun  to  work  informally  with  representatives  of  Chrysler,  Ford, 
General  Motors  and  other  manufacturing  companies  to  explain  the  merit  review  process,  expose 
the  university  research  community  to  PNGV-related  technical  issues,  broker  matches  between 
industry  experts  and  university  researchers  and  encourage  the  participation  of  manufacturing 
industry  experts  in  the  review  of  research  proposals.  An  NSF/DoE  conference  on  "Basic 
Research  Needs  for  Vehicles  of  the  Future"  was  held  in  January,  1995,  in  partnership  with  major 
U.  S.  automobile  manufacturers  and  their  suppliers.   188  participants,  from  34  different  U.S. 
universities,  1 8  government  agencies  and  24  different  companies  in  the  automotive  industry, 
worked  together  for  three  days  to  define  the  key  research  problems  in  the  six  most  critical  long- 
term  research  areas  defined  by  the  research  staffs  of  Chrysler,  Ford  and  GM.  A  follow-on 
conference  in  January,  1996,  on  "Basic  Research  Needs  for  Environmentally  Responsive 
Technologies  of  the  Future"  identified  industry-specific  basic  research  opportunities  in  five 
industries,  including  the  automotive  industry.  A  third  conference  is  being  plarmed  for  late  1 996 
or  early  1997  to  focus  on  long-term  engineering  research  issues  relevant  to  PNGV. 

The  dialogue  between  the  automotive  industry  and  university  researchers  has  already  had 
positive  effects.  For  example,  NSF  is  negotiating  a  new  five-year  award  for  an  Engineering 
Research  Center  (ERC)  at  the  University  of  Michigan  which  can  be  considered  an  investment  in 
PNGV  research  goals.  This  center  was  one  of  four  new  ERCs  selected  in  competitive  merit 
review  from  among  more  than  100  candidates  in  FY  1996.  It  brings  Chrysler,  Ford,  GM, 
Caterpillar,  General  Dynamics,  Boeing,  United  Technologies  and  24  of  their  technology  suppliers 
together  with  a  team  of  university  researchers  to  develop  a  new  generation  of  low-cost  machining 
systems  that  can  be  easily  reconfigured  to  increase  the  flexibility  of  automotive,  heavy  vehicle 
and  aircraft  production.  The  ERCs  research  and  education  agenda  directly  and  specifically 
addresses  the  long-term  needs  of  three  related  industry  sectors:  Aerospace,  Heavy  Vehicles  and 
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Automotive  end  users.  The  companies  representing  the  industry  supplier  base  that  have  joined 
this  ERC  effort  are  focused  on  Controls  (7  members),  Sensors  (5),  Machine  Tool  Builders  (9)  and 
Tooling  (3).  NSF  also  supports  the  Materials  Research  Science  and  Engineering  Center 
(MRSEC)  at  Michigan  State  University,  a  partnership  between  Michigan  State,  Chrysler,  Ford 
and  GM  established  by  NSF  in  1994  to  provide  a  focal  point  for  fundamental  research  on 
materials  and  devices  with  high  potential  for  application  in  vehicular  sensing  systems.  Eleven 
NSF-supported  Industry-University  Cooperative  Research  Centers  (I/UCRC)  have  attracted 
membership  by  the  major  U.  S.  automobile  manufacturers  because  of  their  focus  on  research 
themes  consistent  with  the  long-term  interests  of  these  companies. 

All  these  NSF  projects  were  awarded  through  a  competitive  merit  review  process  in  which  there 
was  no  targeting  of  technology  areas  by  NSF.  Nevertheless,  the  range  of  technical  topics  covered 
among  the  proposals  NSF  receives  correlates  well  with  PNGV  emphasis  areas.  Leadership  from 
the  federal  government,  in  partnership  with  industry,  is  having  an  impact  on  how  the  long-term 
research  needs  of  U.  S.  industry  are  made  known  to  the  academic  community.  This  in  turn 
influences  how  academic  researchers  plan  their  own  individually-conceived  research  and 
education  goals. 

7)   If  the  projects  are  being  initiated  by  the  researchers  without  a  direct  solicitation,  how  would  it 
be  different  if  NSF  were  not  part  of  the  PNGV? 

NSF's  public  involvement  in  the  PNGV  raises  the  profile  of  research  issues  that  are  linked  to 
advances  in  automotive  technologies.  It  stimulates  academic  researchers  to  envision  and  propose 
PNGV-related  research  to  NSF.  It  also  encourages  potential  collaborators  in  auto  manufacturing 
companies  to  consider  collaborating  with  academic  researchers  and  educators. 
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QUESTIONS  SUBMITTED  FROM  THE  COMMITTEE  ON  SCIENCE, 
SUBCOMMITTEE  ON  ENERGY  AND  ENVIRONMENT 

Ql .       Will  PNGV  be  able  to  meet  all  the  technical  requirements  needed  to  properly  select  the 
most  promising  technologies  by  1997? 

Al .       It  is  highly  unlikely  that  by  1997,  all  technical  requirements  needed  to  select  properly  the 

most  promising  technologies  can  be  met    The  administration's  budget  requests  for  fiscal 

years  1996  and  1997  were  structured  to  support  adequately  the  required  analyses  and 

research  needed  to  address  the  key  technical  issues  before  the  end  of  1997.  However, 

Congress  has  not  appropriated  funds  at  the  requested  levels.  Therefore,  research  has  been 

shaped  to  fit  within  the  budget,  rather  than  to  meet  the  technical  needs  essential  to  making 

the  critical  decisions.  The  PNGV's  aggressive  timetable  for  completing  concept  cars  by 

2000  and  production  prototypes  by  2004,  requires  the  first  set  of  component  technologies 

to  be  narrowed  down  by  the  end  of  1997.  The  selection  of  technologies  will  probably 

occur  in  1997  as  planned  but,  because  of  incomplete  research  and  less  than  desired 

information,  the  risk  of  failing  to  meet  PNGV's  ultimate  goals  will  likely  be  increased.  In 

addition,  promising  technologies,  like  fijel  cells,  will  not  be  sufficiently  mature  in  1997, 

and  work  will  continue  to  be  required  on  this  promising  propulsion  system  beyond  the 

PNGV  time  frame. 
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QUESTIONS  SUBMITTED  FROM  THE  COMMITTEE  ON  SCIENCE, 
SUBCOMMITTEE  ON  ENERGY  AND  ENVIRONMENT 

Q2.       Can  you  comment  on  the  level  of  progress  of  goals  1  and  2  of  the  PNGV  initiative? 

A2.       As  noted  in  the  National  Research  Council's  Report,  goals  1  and  2  do  not  have  specific 
performance  metrics,  and,  consequently,  are  not  amenable  to  precise  measurement  of 
progress.  However,  there  is  anecdotal  information  demonstrating  that  substantial  progress 
has  been  made  on  goals  1  and  2  in  the  three  years  since  PNGV  was  established.     In  our 
written  testimony,  we  cited  a  number  of  examples  of  goal  1  and  goal  2  accomplishments 
from  the  Department  of  Energy.  In  addition,  the  report  PNGV  Technical 
Accomplishments  contains  a  substantial  number  of  projects  that  bear  on  goals  1  and  2.  Of 
the  sixty-five  accomplishments  listed  in  the  report,  roughly  twenty-six  relate  to  goal  1  and 
eleven  to  goal  2. 

Q2a.     How  much  of  the  funds  have  been  devoted  to  these  two  goals? 

.'^2a.     In  fiscal  year  1996,  nearly  all  of  DOE's  $121  million  funding  for  PNGV  is  from  the  Office 
of  Transportation  Technologies  (OTT),  which  is  in  the  Office  of  Energy  Efficiency  and 
Renewable  Energy.  Consistent  with  its  mission  of  reducing  America's  dependence  on 
imported  oil,  OTT's  efforts  are  focused  on  goal  3~vehicles  with  fuel  efficiency  of  up  to  80 
miles  per  gallon    However,  there  are  a  number  of  PNGV  activities  that  support  goals  1 
and  2  that  match  well  the  mission  of  other  DOE  offices  In  fiscal  year  1996,  about  $14 
million  of  DOE  funding  is  related  to  accomplishment  of  goals  1  and  2. 
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QUESTIONS  SUBMITTED  FROM  THE  COMMITTEE  ON  SCIENCE, 
SUBCOMMITTEE  ON  ENERGY  AND  ENVIRONMENT 

Q3       According  to  the  NRC  review  and  discussion  by  the  PNGV  technical  working  group,  cost 
reduction  and  safety  are  issues  often  listed  as  highly  critical  technical  barriers  needing 
further  "research"    However,  while  these  items  may  require  research,  often  they  involve 
manufacturing  and  engineering  issues  that  are  directly  related  to  the  competitiveness  of  the 
performer    Do  you  have  or  can  you  propose  criteria  for  determining  which  areas  of  such 
research  really  warrant  government  funding? 

A3        The  criterion  used  by  the  Department  of  Energy  to  determine  which  areas  of  research  to 
pursue  applies  to  all  PNGV  projects  that  support  goal  3 :  DOE  supports  research  on  high- 
risk  enabling  technologies  that  are  consistent  with  the  department's  mission  of  significantly 
improving  the  nation's  energy  efficiency.  In  some  cases,  research  on  high-risk  enabling 
technologies  for  PNGV  may  include  efforts  related  to  manufacturing  and  engineering  to 
remove  technical  barriers  that  are  critical  to  achieving  the  partnership's  goals.  However, 
emphasis  is  given  to  technology  development  efforts  that  are  generic  or  pre-competitive, 
while  near-term  improvements  in  conventional  technologies  or  products  and 
commercialization  activities,  are  principally  industry's  responsibility. 
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QUESTIONS  SUBMITTED  FROM  THE  COMMITTEE  ON  SCIENCE, 
SUBCOMMITTEE  ON  ENERGY  AND  ENVIRONMENT 

Q4       How  do  you  respond  to  the  review  comments  by  the  PNGV  standing  committee  of  NRC, 
which  aside  from  the  specific  technical  recommendations,  point  out  the  following 
shortcomings  of  the  PNGV  programs: 

Q4a     Lack  of  a  single  technical  program  director  for  the  PNGV  government  management  or  the 

USCAR 

A4a      In  partial  response  to  the  Peer  Reviewers'  recommendation,  a  government  Technical 
Council  was  established  by  the  PNGV  Secretariat,  at  the  Department  of  Commerce,  to 
improve  federal  oversight,  and  support  to  the  technical  teams.  In  addition,  each  of  the 
federal  agencies  that  participates  in  PNGV  has  a  representative  on  the  Operational 
Steering  Group  (OSG).  However,  because  each  of  the  agencies  has  its  own  unique 
mission,  we  believe  the  collegial  and  collaborative  approach  of  the  Technical  Council  is 
preferable  to  identifying  a  single  government  technical  program  manager  to  dkecl  the 
work  within  each  agency.  The  PNGV  is  not  just  a  partnership  with  the  auto  industry,  but 
also  represents  an  historic  level  of  collaboration  among  federal  agencies  in  support  of  a 
critical  national  need. 

Similarly,  we  have  found  no  difficulty  with  working  in  partnership  with  the  automakers' 
three  technical  directors,  and  we  continue  to  agree  with  their  position  that  the  partnership 
would  not  be  well  served  by  establishing  a  single  technical  director  at  USCAR. 


Q4b      Lack  of  an  empowered  management  structure  at  DOE  and  DOC  to  affect  the  array  of 
federally  funded  projects. 

A4b      Since  the  Peer  Review  Committee  met  with  the  PNGV  officials  last  year,  the  government 


163 


has  expanded  its  management  team  to  include  a  Chief  Financial  Officer  for  PNGV.  He 
works  in  the  Office  of  Management  and  Budget.  This  official  will  partly  address  the 
committee's  concerns  about  the  project's  ability  to  focus  funding  in  necessary  technical 
areas.  Within  the  Department  of  Energy,  we  recently  reorganized  the  Office  of 
Transportation  Technologies  to  bring  nearly  all  of  the  department's  PNGV  projects  under 
the  direction  of  a  single  office,  the  Office  of  Advanced  Automotive  Technologies.  This 
move  was  designed  to  streamline  management  of  PNGV  projects,  and  to  facilitate 
direction  of  resources  to  the  most  promising  technical  areas. 

Q4c      The  need  for  more  support  and  involvement  in  the  PNGV  research  program  by  NASA, 
DOD,  and  DOT. 

A4c      All  of  these  agencies  are  fully  committed  to  the  success  of  PNGV  and  are  participating  to 

the  extent  their  budgets  allow.  The  National  Aeronautics  and  Space  Administration 

(NASA)  has  funded  the  systems  analysis  work  and  NASA  personnel  continue  to 

participate  and  collaborate  in  a  variety  of  PNGV  technical  activities. 

It  is  our  understanding  that  the  principal  difficulty  with  the  involvement  of  DOT  and 
NASA  is  a  lack  of  funding  appropriated  by  Congress.  Moreover,  although  the 
Department  of  Energy's  fiscal  year  1996  budget  request  included  funds  to  begin  a 
collaborative  effort  with  DOT's  National  Highway  Traffic  Safety  Administration  to 
evaluate  crash  behavior  of  vehicle  structures  fabricated  from  lightweight  materials. 
Congress  did  not  appropriate  any  funds  for  this  project.  We  understand  both  DOT  and 
NASA  are  continuing  to  discuss  PNGV  funding  with  their  appropriations  committees  as 
the  fiscal  year  1997  budget  process  proceeds. 
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All  of  DOD's  research  is  in  support  of  its  defense  mission    The  DOD  is  nevertheless  an 
important  partner  in  PNGV  because,  in  several  areas,  its  mission-oriented  research  is 
directly  relevant  to  PNGV's  goals.  Reduced  weight  and  fuel  efficiency  are  important  to 
military  vehicles  as  they  are  to  the  civilian  passenger  fleet.  The  DOD  research  in  these 
areas  is  available  to  the  PNGV  project.  The  Department  of  Energy  is  continuing  to  work 
in  close  collaboration  with  DOD's  Defense  Advanced  Research  Projects  Agency  on  power 
sources  and  with  the  Office  of  Naval  Research  on  electronic  power  systems. 

Q4d     The  need  for  analysis  of  current  and  post-PNGV  technologies,  overall  system  analysis,  a 
well-defined  and  detailed  program  plan  and  adequate  resource  allocation. 

A4d      Systems  analysis  of  current  and  post-PNGV  technologies  is  on-going;  development  of  the 

initial  software  tools  is  planned  to  be  completed  by  December  1997.  To  date,  the  software 

has  been  developed  and  validated  against  software  tools  developed  by  the  automakers  and 

DOE  national  laboratories.  A  revised  PNGV  Program  Plan,  covering  all  three  goals  in 

well  defined  detail,  was  completed  in  November  1995.  Finally,  the  government  has 

expanded  its  management  team  to  include  a  Chief  Financial  Officer  for  PNGV,  who  is 

employed  in  the  Office  of  Management  and  Budget    This  official  will  help  address  the 

committee's  concerns  about  the  partnership's  allocation  of  federal  resources. 
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QUESTIONS  SUBMITTED  FROM  THE  COMMITTEE  ON  SCIENCE, 
SUBCOMMITTEE  ON  ENERGY  AND  ENVIRONMENT 

Q5       How  would  you  respond  to  a  Congressional  requirement  to  establish  the  review  process, 
such  as  the  existing  NRC  review,  as  a  permanent  part  of  the  PNGV  program? 

A5        Such  a  Congressional  requirement  would  be  unnecessary--the  Peer  Review  is  called  for  in 
'       the  PNGV  Declaration  of  Intent.  Moreover,  both  the  government  and  industry  recognize 
the  value  of  an  annual  peer  review,  and  folly  intend  to  continue  the  existing  relationship 
with  the  NRC. 
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QUESTIONS  SUBMITTED  FROM  THE  COMMITTEE  ON  SCIENCE, 
SUBCOMMITTEE  ON  ENERGY  AND  ENVIRONMENT 

Q6       The  PNGV  program  is  more  than  three  years  old,  yet  an  important  component,  namely  an 
overall  system  analysis  (also  emphasized  by  the  NRC  panel)  has  not  been  accomplished. 

Q6a     How  can  you  have  any  certainty  in  your  success  given  the  lack  of  such  capability? 

A6a.     From  its  outset,  the  partnership  has  relied  on  systems  analyses  as  one  of  the  important 
approaches  to  help  guide  decision  making  on  vehicle  and  subsystem  design.  Chrysler,  • 
Ford,  and  General  Motors  each  has  its  own  systems  modeling  team  to  guide  technology 
decisions.    In  addition,  there  is  an  independent  systems  analysis  underway  funded  by  the 
government,  development  of  the  software  tools  is  expected  to  be  completed  by  the  end  of 
calender  year  1997~in  time  to  support  the  planned  technology  selection. 

Q6b.     Would  it  not  be  more  desirable  to  perform  an  overall  system  analysis  that  can  be  used  as  a 
"design/system  performance  evaluation"?  Why? 

A6b.     The  industry  has  always  recognized  the  essential  role  of  overall  systems  analysis  in 

achieving  vehicle  and  component  development  objectives  as  evidenced  by  a  considerable 

and  growing  dedication  of  resources  to  modeling  and  computer  analyses  of  vehicle 

designs    Discussion  with  the  federal  agencies  involved  in  the  systems  analysis  effort  have 

reaffirmed  that  PNGV's  systems  analysis  will  remain  a  priority.  All  of  our  plans  described 

in  PNGV's  Technical  Roadmaps  reflect  this  priority. 
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QUESTIONS  SUBMITTED  FROM  THE  COMMITTEE  ON  SCIENCE, 
SUBCOMMITTEE  ON  ENERGY  AND  ENVIRONMENT 

Q7       How  do  you  respond  to  the  criticism  raised  in  the  NRC's  review  of  the  program 

management.  Please  specifically  respond  to  the  suggestions  by  Dr.  Hirsch,  of  the  Standing 
Committee,  and  Prof  Sperling  that  DOE  should  be  the  lead  agency  in  the  PNGV  program. 

A7.       Since  the  Peer  Review  Committee  met  with  PNGV  officials  last  year,  the  government  has 

established  a  Technical  Council  to  improve  oversight  and  coordination  among  agencies,  in 

relation  to  activities  of  the  Technical  Teams.  Though  the  major  portion  of  the 

government's  funding  is  provided  by  the  Department  of  Energy,  DOE's  efforts  are 

focused  principally  on  research  and  development  that  supports  PNGV's  goal  3. 

Coordination  of  the  goverrunent's  role  with  respect  to  the  combination  of  the  three  of 

PNGV's  technical  goals  is  most  appropriately  located  in  the  Department  of  Commerce, 

which  has  always  maintained  a  substantial  role  in  supporting  non-military  technology 

development. 

Professor  Speriing,  citing  DOE's  major  responsibilities  and  technical  expertise,  suggests 
DOE  be  given  control  of  PNGV's  goal  3.  However,  he  seems  to  downplay  the  substantial 
expertise  in  other  federal  agencies  that  support  goal  3,  for  example,  in  the  area  of 
lightweight  materials.  Moreover,  the  Department  of  Energy  retains  full  responsibility  for 
managing  all  of  its  programs  that  support  PNGV.  In  light  of  the  close  interrelationship 
between  PNGV's  three  goals,  we  believe  it  may  not  be  practical  to  spread  control  for 
individual  goals  among  several  federal  agencies. 
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QUESTIONS  SUBMITTED  FROM  THE  COMMITTEE  ON  SCIENCE, 
SUBCOMMITTEE  ON  ENERGY  AND  ENVIRONMENT 

Q8.       What  are  the  most  critical  barriers,  aside  from  cost  reduction  and  hydrogen  infrastructure 
issues,  for  the  use  of  ftiel  ceils  in  automobiles? 

A8.      For  direct-hydrogen  automotive  fuel  cells,  critical  technical  barriers,  aside  from  cost 

reduction  and  hydrogen  infrastructure  issues,  include:  (I)  development  of  efficient, 

integrated  thermal  management  processes  for  waste  heat  utilization,  cooling,  and 

humidification;  and  (2)  development  of  an  integrated  friel  cell  system,  including  balance- 

of-plant  components  (compressors,  humidifiers,  sensors,  and  controls),  that  meet 

automotive  specifications. 

For  automotive  fijel  cells  using  on-board  liquid-fuel  processing,  critical  barriers  include: 
(1)  eliminating  poisoning  of  the  fuel  cell  catalyst  by  small  quantities  of  carbon  monoxide 
(CO)  from  the  fuel  processor,  and  (2)  reducing  the  size  and  complexity  of  the  fuel 
processor.    The  Department  of  Energy  is  currently  supporting  research  and  development 
activities  to  increase  the  CO-tolerance  of  the  catalyst,  reduce  the  amount  of  CO  from  the 
fuel  processor,  and  decrease  processor  size  and  complexity. 
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QUESTIONS  SUBMITTED  FROM  THE  COMMITTEE  ON  SCIENCE. 
SUBCOMMITTEE  ON  ENERGY  AND  ENVIRONMENT 

Q9.       Why  doesn't  the  government  attach  a  higher  priority  to  developing  a  hydrogen 
infrastructure  given  the  fuel  cell  potential? 

A9.       Though  the  Department  of  Energy  recognizes  the  tremendous  potential  for  fuel  cells,  the 

emphasis  for  the  near  term  is  on  powering  them  with  hydrogen-rich  fuels,  such  as  natural 

gas  or  methanol.  The  infrastructure  required  to  provide  hydrogen  fuel,  including 

production,  transportation,  distribution,  storage,  and  delivery,  is  very  costly  to  create,  and 

government  can  have  only  limited  impact  on  its  development  and  deployment.  However, 

many  of  the  technologies  under  development  for  PNGV  will  be  capable  of  running  on  a 

variety  of  fuels,  including  hydrogen,  when  it  becomes  more  available  and  is  cost  effective. 

Within  the  Department  of  Energy,  the  Office  of  Utility  Technologies'  Hydrogen  Program 
is  working  with  industry  to  develop  hydrogen  infrastructure  technologies  for  a  variety  of 
hydrogen-related  applications    These  include  looking  at  small-scale  methane  steam 
reforming  systems  and  small  electrolyzers  as  potential  transition  systems  that  could  be 
available  for  early  use  with  hydrogen-fueled  vehicles.  The  Office  of  Transportation 
Technologies'  (OTT)  Fuel  Cell  Program  is  working  closely  with  DOE's  Hydrogen 
Program  to  identify  appropriate  infrastructure  architecture  for  automotive  fuel  cell 
applications    Further  advancement  in  fuel  cell  technology  will  facilitate  and  accelerate  the 
evolution  of  a  hydrogen  infrastructure.  Key  elements  of  OTT' s  program  include  on-board 
hydrogen  storage  and  on-board  processing  of  liquid  fuels,  such  as  methanol,  to  produce 
hydrogen-rich  gas  to  power  a  fuel  cell    In  addition,  OTT  is  supporting  the  deployment  of 
natural-gas  powered  vehicles,  which,  in  terms  of  required  infrastructure,  could  be  one 

possible  precursor  to  hydrogen-fiieled  vehicles. 
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QUESTIONS  SUBMITTED  FROM  THE  COMMITTEE  ON  SCIENCE. 
SUBCOMMITTEE  ON  ENERGY  Af  flD  ENVIRONMENT 

QIO.     We  understand  that  MAN,  a  major  European  bus  manufacturer,  BMW  and  Daimler-Benz, 
as  well  as  Mazda,  in  Japan,  are  demonstrating  conventional  hydrogen-burning  internal 
combustion  (IC)  engines. 

QlOa.  Is  a  hydrogen-fueled  IC  engine  being  considered  for  PNGV  and  if  not,  why? 

A  10a.  At  this  point,  PNGV  is  considering  a  variety  of  propulsion  options.  The  PNGV  program 
will  develop  an  automotive  technology  that  triples  fuel  economy  and  has  widespread 
application.  To  achieve  widespread  application,  the  initial  focus  is  on  available  fuels,  i.e., 
gasoline  and  diesel.  However,  the  technologies  being  developed  under  PNGV  will  have 
the  capability  to  operate  on  a  variety  of  fliels.  Alternative  fuels,  including  hydrogen,  may 
be  used  in  the  future  as  they  become  more  available  and  cost-effective.  The  DOE's  Office 
of  Utility  Technologies  is  supporting  research  involving  hydrogen-powered  IC  engines. 
The  focus  of  the  work  is  on  the  safe,  low-temperature,  on-board  storage  of  hydrogen  for 
use  in  an  internal  combustion  engine  in  a  hybrid-electric  configuration. 

QlOb    Are  hydrogen  infrastructure  issues  easier  to  solve  in  Europe  or  Japan  than  in  the  U.S.? 

AlOb.  The  relatively  higher  cost  of  gasoline  in  Europe  and  Japan  could  provide  a  greater 

incentive  for  establishment  of  alternative  fuel  infrastructures .  In  addition,  Germany  has  a 
pipeline  that  supplies  hydrogen  for  industrial  purposes;  proximity  of  that  pipeline  to 
transportation  applications  could  facilitate  the  development  of  a  hydrogen  infrastructure  in 
Germany. 

QlOc    Has  there  been  any  study  to  determine  the  feasibility  of  developing  such  an  infrastructure? 
A  10c.  The  Office  of  Utility  Technologies'  Hydrogen  Program  has  conducted  a  number  of  studies 
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to  assess  the  feasibility  of  developing  a  hydrogen  infrastructure.  It  has  determined  that 
reforming  natural  gas  at  end  user  sites  is  a  cost-effective  means  to  develop  a  near-term 
hydrogen  infrastructure.    Other  feasibility  studies  are  in  progress  as  part  of  PNGV.  For 
example,  Directed  Technologies,  Incorporated,  will  deliver  a  hydrogen  infrastructure 
study  in  September  1996,  under  the  DOE/Ford  fuel  cell  contract. 
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QUESTIONS  SUBMITTED  FROM  THE  COMMITTEE  ON  SCIENCE, 
SUBCOMMITTEE  ON  ENERGY  AND  ENVIRONMENT 

Ql  1.     Please  describe  the  hybrid  electric  program  at  DOE  and  the  role  and  extent  of  the  three 
contracts  with  GM,  Ford  and  Chrysler. 

All.     The  U.S.  Department  of  Energy  (DOE)  is  working  closely  with  other  Federal  agencies  and 

key  auto  industry  partners  to  develop  hybrid  electric  vehicles  (HEVs)  as  a  practical  way  of 

providing  clean  and  efficient  transportation  for  the  future  that  will  significantly  contribute 

to  reducing  our  nation's  growing  dependence  on  imported  oil.  Hybrid  Electric  Vehicle 

R&D  is  a  key  component  of  DOE's  Advanced  Automotive  Technologies  Program,  and  is 

a  priority  effort  in  DOE's  support  of  PNGV's  goal  3.  The  focus  of  the  HEV  program  is 

on  three  strategic  objectives: 

1.  Develop  a  production-feasible  hybrid  propulsion  system  by  1998  that  would  enable 
market  introduction  of  a  50-mpg  light-duty  vehicle  by  2003. 

2.  Develop  a  production-feasible  hybrid  propulsion  system  by  2004  that  would  enable 
market  introduction  of  an  80-mpg  light-duty  vehicle  by  2008. 

3.  Conduct  pre-competitive  R&D  of  critical  and  higher  risk  components  and 
subsystems  that  can  enhance  HEV  performance,  reliability,  and  cost-effectiveness. 

The  50-mpg  and  80-mpg  fuel  economy  targets  represent  double  and  triple  fuel  economy 
improvements  relative  to  current  6-passenger  family  sedans    In  addition,  the  HEV 
technology  must  meet  Tier  II  light-duty  emission  standards;  be  consumer  acceptable  with 
respect  to  performance,  range,  safety,  and  cost;  and  support  the  introduction  of  alternative 
fuels. 


173 


Major  propulsion  subsystem  technologies  are  currently  being  developed  under  DOE  cost- 
shared  contracts  with  Chrysler,  Ford  and  GM.  Each  company  is  developing  comp'ete 
hybrid  propulsion  subsystems  for  evaluation  in  test  mules,  which  are  modified 
conventional  vehicles.  These  test  mules  are  scheduled  to  be  delivered  in  FY  1998  and 
1999.  The  purpose  of  these  current  contracts  is  to  validate  propulsion  system 
technologies  that  yield  up  to  100%  (50  mpg)  improvement  in  fuel  economy  over  today's 
conventional  vehicles.  The  major  technologies  under  development  are  heat  engines  (gas 
turbines,  Stirling,  and  diesels),  energy  storage  (high  power  batteries,  ultra-capacitors,  and 
flywheels),  and  power  electronics.  Major  technology  selection  decisions  have  been  made 
in  every  component  area    Internal  combustion  spark  ignition  engines,  wheel  motors,  fuel 
cells,  flywheels,  ultra  capacitors,  and  all  battery  chemistries  other  than  lead  acid,  have  been 
eliminated  from  consideration  for  the  50  mpg  vehicle  system  for  the  1998  time  frame 
(these  technologies  remain  under  consideration  for  PNGV's  goal  of  80  mpg).  Factors 
supporting  these  decisions  include  both  technical  and  business  considerations. 

Each  program  is  described  briefly  below: 

General  Motors:  GM  is  approaching  the  third  and  final  phase  of  its  hybrid  propulsion 
system  development  contract.  It  is  pursuing  development  of  series  hybrid  vehicles  only. 
The  test  vehicles  will  be  based  on  converted  Chevrolet  Luminas.  Several  successively 
improved  iterations  are  planned,  culminating  in  the  delivery  of  the  Integrated  Test  Vehicle 
in  December  1998.  General  Motors  will  now  focus  on  advanced  heat  engine  hybrid  power 
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units  for  the  remainder  of  the  program    For  the  other  major  components  of  the  system, 
GM  is  receiving  excellent  support  from  its  allied  divisions,  a  high  efficiency  A/C  system 
from  Delphi-Harrison,  electric  power  steering  from  Delphi-Saginaw,  and  an  improved 
Impact  traction  motor  from  Delphi  Energy  Systems. 

Ford  Motor  Company:  Ford  has  very  rapidly  narrowed  the  technology  focus  of  its 
program  after  evaluating  many  alternatives.  It  will  develop  parallel  hybrid  vehicles,  based 
on  advanced  compression-ignition  direct-injection  (CIDl)  engines,  for  testing  in  modified 
Ford  Contours.  Fuel  cells,  flywheels,  and  series  hybrids  have  been  eliminated  from 
consideration  for  the  propulsion  system  for  the  1998/1999  deliverable.  Steady  progress  is 
being  made  in  development  of  the  balance  of  system  components.  Ford  has  teamed  with 
FEV  Engine  Technology  to  develop  the  high  efficiency  CIDI  power  unit.  FEV  is  world 
renowned  for  its  expertise  in  diesel  engine  R&D.  The  major  challenges  to  the  diesel  for 
the  hybrid  application  will  be  to  meet  the  low  emission  targets  and  to  achieve  the  low 
noise,  vibration,  and  harshness  levels  that  are  typical  of  gasoline  engines. 

Chrysler  Corporation:  Chrysler  is  pursuing  development  of  CIDI  hybrids  in  a  variable 
configuration  that  allows  the  vehicle  to  be  operated  in  either  series  or  parallel  mode, 
depending  on  the  driving  conditions    Chrysler  will  maintain  only  three  carefiilly  chosen 
team  members,  ITT  Automotive,  Detroit  Diesel,  and  Delphi  Energy  Systems.  Chrysler  is 
presently  in  the  process  of  finalizing  its  subcontracts,  working  with  DOE  and  its  lower  tier 
subcontractors.   Simultaneously,  they  are  engaged  in  modeling  and  simulation  work  aimed 
at  determining  appropriate  component  specifications,  control  strategy,  and  performance 
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predictions.  Test  vehicles  will  be  based  on  a  lightweight  Neon  platform. 

The  hybrid  activity  will  be  narrowed  in  scope  and  transitioned  from  propulsion  subsystem 
technology  development  aimed  at  50  mpg  to  high  priority  vehicle  system  technology 
development  targeted  at  the  80  mpg  goal,  which  support  PNGV's  goal  3.  This  will 
require  a  total  vehicle  systems  level  approach  and  discussions  are  currently  continuing . 
with  the  auto  industry,  and  our  other  PNGV  partners,  on  how  to  move  efficiently  into  this 
next  phase  of  hybrid  vehicle  activity. 
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QUESTIONS  SUBMITTED  FROM  THE  COMMITTEE  ON  SCIENCE, 
SUBCOMMITTEE  ON  ENERGY  AND  ENVIRONMENT 

Q12.     GM  ($148  million)  and  Ford  ($138  million)  signed  their  5-year  Hybrid  Vehicle  (HEV) 

contracts  with  DOE  in  September  and  December  of  1993,  respectively.  Chrysler's  4-year 
contract  ($84.8  million)  was  awarded  in  February  of  1996.  While  one  can  see  that  GM's 
and  Ford's  contracts  can  directly  help  goals  2  and  3  of  PNGV  (we  also  know  that  DOE's 
hybrid  program  has  an  aim  of  doubling  fijel  efficiency  and  producing  production-feasible 
HEV  by  1998).  There  seems  to  be  very  little  time  for  Chrysler's  program  to  get  off  the 
ground  by  the  1997  milestone,  and  certainly  will  not  be  completed  by  1998    Why  was  this 
contract  awarded,  and  why  at  such  a  later  date  in  comparison  to  the  other  two  contracts? 

A12.     The  subcontract  with  Chrysler  Corporation  was  signed  in  March  of  1996.  Its  objective  is 

to  develop  and  demonstrate,  by  December  of  1999,  a  production-feasible  hybrid 

propulsion  system  for  use  in  light-duty  vehicles  that  will  provide  50  mpg  energy  efficiency 

and  low  emissions.  The  signing  of  this  contract  is  a  major  milestone  toward  achieving  the 

goals  set  out  by  the  Partnership  for  a  New  Generation  of  Vehicles  (PNGV).  As  a  major 

domestic  automobile  manufacturer,  Chrysler  Corporation's  commitment  to  the  partnership 

is  considered  an  important  element  by  both  the  government  and  private  sector  parties 

responsible  for  the  PNGV    Its  involvement  will  ensure  that  all  three  of  the  hybrid 

propulsion  systems  development  efforts  will  be  carried  out  in  parallel  by  teams  composed 

of  many  component  developers  and  suppliers  that  are  engaged  in  achieving  advanced 

automotive  technologies.  These  teams  are  led  by  the  domestic  automotive  industry,  and 

will  help  achieve  the  nearer  term  50  nipg  milestone,  but  many  will  also  be  major 

contributors  in  helping  to  achieve  the  PNGV  target  of  80  mpg  by  2004. 

In  addition,  Chrysler  Corporation  has  proposed  a  unique  hybrid  propulsion  system  that 
uses  advanced  materials  and  components  not  under  investigation  by  the  other  existing 
programs    Chrysler  has  proposed  several  other  innovative  approaches,  not  otherwise 
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available,  to  solving  the  engineering  challenges  in  hybrid  propulsion  system  design. 

Although  Chrysler  Coqaoration  started  about  two  years  behind  the  other  two 
subcontractors,  they  have  benefited  greatly  from  the  experiences  of  both  GM  and  Ford  in 
the  first  two  years  of  the  hybrid  program.  As  a  result  of  this  collaboration,  Chrysler  will 
be  able  to  emphasize  the  most  viable  technology  options  rapidly  without  the  more 
expensive  and  broader-based  process  that  Ford  and  GM  had  to  undertake.  Moreover, 
Chrysler's  ability  for  rapidly  bringing  new  and  innovative  products  to  market,  through  a 
lean  and  agile  management  and  manufacturing  approach,  will  increase  the  likelihood  of 
meeting  the  goals  of  the  program  within  its  time  schedule. 
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QUESTIONS  SUBMITTED  FROM  THE  COMMITTEE  ON  SCIENCE, 
SUBCOMMITTEE  ON  ENERGY  AND  ENVIRONMENT 

Q13.     Is  the  reduced-scale  fuel  cell  research  (in  transportation)  more  of  an  application  and  sizing 
problem,  or  are  there  genuine  technical  and  research  issues  that  need  to  be  resolved? 

A13.     Development  of  proton-exchange-membrane  fuel  cell  powerplants  for  automotive 

applications  requires  resolution  of  significant  technical  and  research  issues.  The  technical 

challenges  that  must  be  overcome  relate  to  the  fuel  cell  stack,  the  fuel  processor,  and  the 

important  balance  of  plant  components.    Examples  of  fijndamental  challenges  that  are 

independent  of  the  automotive  application  include  fuel  processors  with  an  inherent  load 

following  capability  and  improved  materials  and  designs  for  cost  reduction.  Examples  of 

research  needs  include  development  of  enhanced  non-precious  metal  electrocatalysts, 

improved  corrosion-resistant  materials  for  bipolar  plates,  and  improved  selective  oxidation 

catalysts  for  achieving  necessary  fuel-stream  purity.  In  addition,  the  automotive 

requirements  demand  resolution  of  technical  issues  that  include:  rapid  start-up,  system 

power  density  improvements  to  meet  packaging  constraints,  system  integration,  durability 

and  reliability,  and  materials  cost  reduction. 
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QUESTIONS  SUBMITTED  FROM  THE  COMMITTEE  ON  SCIENCE, 
SUBCOMMITTEE  ON  ENERGY  AND  ENVIRONMENT 

Q14.     You  seem  to  agree  (according  to  your  testimony)  with  the  NRC's  assertion  that  fuel  cells 
are  beyond  the  time-table  of  PNG  V,  yet  Daimler-Benz  has  announced  an  actual 
demonstration  vehicle  in-line  with  ultimate  PNGV  goals.  Are  you  willing  to  reconsider 
your  assessment  of  fuel  cells? 

AM.     The  National  Research  Council's  (NRC)  report  strongly  supports  the  continued 

development  of  automotive  fuel  cells.  While  the  report  states  that,  depending  on  progress 

in  the  next  two  years,  the  PNGV  may  find  it  necessary  to  restructure  the  program 

extending  the  schedule,  they  do  not  as  yet  assert  that  fuel  cells  are  beyond  the  PNGV 

timetable.    In  our  testimony,  we  indicated  that  hydrogen-powered  fuel  cell  vehicles  are 

likely  to  be  commercially  viable  only  beyond  the  ten-year  time  frame  of  PNGV,  because  of 

a  lack  of  a  hydrogen  fueling  infrastructure. 

The  Daimler-Benz  announcement  of  a  new  fliel  cell  powered  demonstration  vehicle, 
dubbed  NeCar  II,  is  a  clear  indication  of  how  rapidly  fuel  cell  technology  is  progressing. 
It  is  a  vehicle  designed  to  show  the  promise  of  fuel  cells  and  the  significant  progress  made 
in  the  year  since  NeCar  I  was  introduced.  Even  so,  Daimler-Benz  has  indicated  that  it  is 
still  too  early  to  say  when  fijel  cell  vehicles  will  reach  production.  The  PNGV  is  actively 
pursuing  research  on  fuel  cells-one  of  the  critical  energy  conversion  options  included  in 
the  partnership's  program.  The  partnership's  activities  address  the  primary  issues  to  make 
fuel  cells  commercially  viable,  and  we  agree  with  Daimler-Benz  that  it  is  still  too  early  to 
say  when  fuel  cells  will  reach  production  readiness.  The  decision  on  which  propulsion 
technology  to  carry  forward  in  the  PNGV  program,  in  the  context  of  the  original  time 
frame,  is  to  be  made  in  1997. 
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QUESTIONS  SUBMITTED  FROM  THE  COMMITTEE  ON  SCIENCE, 
SUBCOMMITTEE  ON  ENERGY  AND  ENVIRONMENT 

Q15.     Light  Duty  Engine  R&D  (vol.  4  of  5,  p.  324  of  the  FY  97  DOE  budget  request)  list 
$8,300,000  for  Advanced  Automotive  Piston  Engine  R&D  in  order  to  "support 
technologies  applicable  to  2  to  3  times  improved  vehicle  fuel  efficiency. ..".  The  PNGV 
program  has  determined  that  a  3  times  efficiency  will  only  be  achieved  with  a  hybrid 
vehicle  and  some  30  to  40%  total  vehicle  mass  reduction. 

Q15a.   Why  do  we  need  to  spend  additional  resources  to  improve  current  piston  engine 
technologies? 

A15a.  To  obtain  three  times  fuel  efficiency,  we  need  to  substantially  improve  engine  efficiency  as 
well  as  reduce  vehicle  mass.  In  fiscal  year  1997,  the  Advanced  Automotive  Piston  Engine 
R&D  Program  will  focus  on  technologies  that  support  PNGV's  goal  3.  The  principal 
activity  in  the  program  is  R&D  related  to  compression-ignition,  direct-injection  (CIDI) 
piston  engines.  This  activity  is  integrated  with  DOE's  hybrid  electric  vehicle  program. 
The  CIDI  engine  is  the  most  efficient  internal  combuo-         -^ne.  It  is  a  prime  candidate 
to  power  hybrid-electric  vehicles,  which  have  the  potential  to  me> .  PNGV's  goal  of  fliel 
efficiencies  of  up  to  eighty  miles  per  gallon.  A  small  portion  (less  than  twenty-five 
percent)  of  the  budget  request  for  the  Advanced  Automotive  Piston  Engine  R&D  Program 
supports  cooperative  research  and  development  agreements  (CRADAs)  between  DOE's 
national  laboratories  and  the  Low  Emissions  Partnership— a  consortium  of  Chrysler,  Ford, 
and  General  Motors.  These  CRADAs  deal  with  improvements  in  conventional  piston 
engine  vehicles,  for  example,  catalytic  converters  for  lean-bum  engines.  Though  nearer 
term,  many  of  these  projects  will  have  direct  application  in  advanced  engines  for  hybrid- 
electric  vehicles. 

Q15b.  How  does  this  fit  Goal  2  of  PNGV 


181 


A15b.    The  PNGV's  goal  2  is  to  "implement  viable  innovations  from  ongoing  research  to 

conventional  vehicles."  Though  the  Department  of  Energy's  primary  emphasis  in  PNGV 
is  on  goal  3— vehicles  with  fuel  efficiencies  of  up  to  eighty  miles  per  gallon—the 
department  supports  a  few  goal  2  activities  that  take  advantage  of  unique  capabilities  at 
DOE's  national  laboratories    These  projects  will  lead  to  near-term  improvements  in  fuel 
efficiency,  and  reductions  in  emissions  of  standard  vehicles.  As  demonstrated  in  the 
automakers'  recent  report,  PNGV  Technical  Accomplishments,  many  of  these  goal  2 
projects  have  already  produced  a  number  of  PNGV  "success  stories." 

Q15c.  Does  this  indicate  a  lack  of  coordination  witfiin  DOE  and  lack  of  proper  priority  given  to 
the  PNGV  program? 

A15c.  No  it  doesn't.  The  Department  of  Energy's  Advanced  Automotive  Piston  Engine  R&D 

Program  is  an  integral  component  of  the  R&D  activities  managed  by  the  Office  of 

Advanced  Automotive  Technologies,  and  an  important  part  of  the  Partnership  for  a  New 

Generation  of  Vehicles  (PNGV).  Moreover,  PNGV  remains  a  high  priority  within  the 

Department  of  Energy     Reflecting  the  department's  priorities,  the  major  portion  of 

activities  in  the  Advanced  Automotive  Piston  Engine  R&D  Program  support  PNGV's  goal 

3— vehicles  with  fuel  efficiencies  of  up  to  eighty  miles  per  gallon.  A  small  portion  supports 

near-term  improvements  in  conventional  piston  engines  (goal  2),  many  of  which  are 

closely  related,  and  could  have  direct  impact  on,  engines  being  developed  to  meet 

PNGV's  goal  3. 
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QUESTIONS  SUBMITTED  FROM  THE  COMMITTEE  ON  SCIENCE, 
SUBCOMMITTEE  ON  ENERGY  AND  ENVIRONMENT 

Q16.     What  is  the  level  of  participation  by  the  DOE' s  laboratories? 

A16.     The  Partnership  for  a  New  Generation  of  Vehicles  (PNGV)  brings  together  the  resources 
of  the  federal  government,  national  laboratories,  universities,  and  industry,  to  meet  a 
critical  national  need.  As  clearly  demonstrated  in  the  automakers'  recent  report,  PNGV 
Technical  Accomplishments,  DOE's  national  laboratories  are  playing  a  significant  role  in 
all  aspects  of  PNGV:  fifty  of  the  sixty-five  accomplishments  identified  in  the  report  reflect 
work  involving  DOE's  national  laboratories.  To  stimulate  increased  collaboration  among 
the  automakers  and  DOE's  national  laboratories,  PNGV  has  sponsored  a  series  of  tours 
and  workshops  at  each  of  the  laboratories    In  fiscal  year  1996,  about  30  percent  of  DOE's 
funds  for  PNGV  support  researchers  at  national  laboratories    The  Department  of  Energy 
is  continuing  to  work  closely  with  all  PNGV  partners,  to  assure  the  resources  of  DOE's 
national  laboratories  are  fully  engaged  in  support  of  the  partnership's  goals. 
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c^^ 


Bob  Mull 

Director 

Pannership  for  a  New  Generation  of  Vefiicles 

Ford  Motor  Company 


The  American  Road 
P.  O  Box  1899 -Rm  354 
Dearborn.  Michigan  48121-1899 
Telephone    313-248-5058 
Rapifax:        313-594-7303 


August  23,  1996 


Ms.  Jennifer  Disharoon 

Staff  Assistant 

Subcommittee  on  Energy  and  Environment 

B-374  Raybum  HOB 

Washington,  DC  20515 


Dear  Ms.  Disharoon, 


In  response  to  Chairman  Rohrabacher's  letter  of  August  8,  we  are  forwarding  responses  to 
the  questions  submitted  by  the  Subcommittee  on  Energy  and  Environment  and  its 
members.  Please  let  me  know  if  we  can  be  of  further  assistance. 
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QUESTIONS  FOR  ROBERT  F.  MULL 

IQ.    We  understand  that  GM  has  signed  about  42  Cooperative  Research  and  Development 

Agreements  (CRADAs),  while  Ford  and  Chrysler,  together,  have  less  than  10  CRADAs  with 
the  National  Laboratories. 

A.    These  numbers  appear  somewhat  high.  Since  most  single-company  CRADAs  pre-dated 
PNGV,  they  set  the  stage  for  PNGV  and  other  similar  collaborative  activities  today.  GM 
entered  into  more  CRADAs  because  it  began  working  with  the  national  labs  earlier  than  Ford 
or  Chrysler.  Most  GM  CRADAs  have  either  been  completed,  are  near  completion,  or  have 
been  converted  to  collaborative  CRADAs  with  the  other  two  auto  companies. 

a)  How  have  these  CRADAs  served  the  corporations? 

CRADAs  serve  the  corporations  by  leveraging  resources  to  meet  coincident  technical 
objectives  within  aligned  mission  areas  of  industry  and  government.  Leverage  occurs  when 
complementary  technical  minds  work  toward  common  solutions  in  a  cost-effective,  interactive 
relationship.  CRADAs  improve  skills  of  both  industry  and  federal  lab  participants. 

b)  What  level  of  funding  is  being  contributed  from  the  corporations,  and  what  is  the  level  of 
contribution  from  the  National  Laboratories? 

CRADAs  typically  require  a  50-50  resource  allocation  between  industry  and  laboratory. 
Government  funding  of  CRADAs  is  used  exclusively  to  support  the  federal  laboratories  and 
no  government  funds  go  to  industry. 

2Q.    OSCAR  has  signed  (as  of  July  1995)  42  CRADAs  with  the  national  laboratories.  Do  these 
CRADAs  include  those  signed  with  the  individual  corporations  referenced  in  question  1? 

A.    Currently,  our  records  indicate  that  USCAR  has  38  signed  CRADAs  with  the  federal 
laboratories.  All  USCAR  CRADAs  are  signed  by  each  of  the  three  companies.  These 
USCAR  CRADAs  are  incremental  to  the  individual  company  CRADAs  referenced  in 
Question  1 .  However,  some  of  the  CRADAs  that  are  now  being  executed  by  USCAR  are 
conversions  of  earlier  single-company  CRADAs. 

a)  What  are  the  pros  and  cons  of  dealing  with  the  National  Laboratories? 

Dealing  with  the  National  Laboratories  provides  an  opportunity  to  effectively  utilize  unique 
federal  resources  and  facilities.  It  offers  the  auto  companies  access  to  expertise  in 
technologies  related  to  PNGV  goals  that  are  not  traditionally  available  within  the  automotive 
industry,  such  as  fuel  cells,  advanced  materials,  ultracapacitors,  and  flywheels. 

In  addition,  the  alignment  of  independent  but  complementary  research  efforts  already 
underway  accelerates  technological  progress.  Collaboration  blends  the  laboratories'  high 
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technology  fundamental  research  knowledge  with  industry's  ability  to  develop  affordable 
solutions  to  real-world  problems. 

Completing  multi-year  programs  with  laboratories  whose  program  funding  is  no  longer  stable 
has  become  a  significant  challenge.  In  fact,  our  companies  are  facing  premature  termination 
of  several  important  multi-year  joint  projects  because  laboratories  have  lost  their  funding.  It 
has  also  proven  difficult  at  times  to  identify  research  projects  underway  within  the  government 
R&D  complex  which  may  be  applicable  to  PNGV  technical  challenges.  For  PNGV 
collaborative  projects  to  be  viable,  they  must  align  with  lab  missions. 

b)    Are  uniform  cooperative  R&D  procedures  in  place,  or  does  each  laboratory  have  its  own 
set  of  procedures? 

Originally,  each  DOE  laboratory  had  its  own  preferred  contract  language  for  CRADAs. 
However,  the  industry  and  DOE  have  worked  together  to  develop  a  standardized  DOE 
CRADA  (master  CRADA)  that  has  simplified  establishing  new  projects.  USCAR  and  the 
Army  (but  not  DOD  as  a  whole)  have  also  agreed  to  a  standardized  CRADA.  Additional 
efficiencies  can  be  achieved  by  expanding  the  master  CRADA  to  include  all  federal 
laboratories  and  agencies. 

3Q.  Why  do  the  Big  Three  seem  reluctant  to  pursue  the  higher  risk  technologies,  such  as  fuel  cells 
and  hydrogen-fueled  Auxiliary  Power  Units  (APUs),  when  one  of  the  key  justifications  for  the 
industry/government  partnership  is  development  of  high-to-medium  risk  technologies? 

A.  The  industry  is  actively  pursuing  a  broad  cross-section  of  high  risk  technologies  that  have  the 
potential  to  revolutionize  the  automobile  as  we  know  it.  The  following  are  some  examples  of 
high  risk  technologies  (including  the  affiliated  laboratory)  under  investigation  within  PNGV; 

•  Fuel  cells  -  Ford/  direct  hydrogen- fueled  PEM  (LANL)  and  GM/reformed  methanol  PEM 
fiiel  cell. 

•  Hydrogen  storage  and  fuel  reforming  -  Chrysler/multi-fuel  processors  (LANL); 
Ford/on-board  hydrogen  storage  using  lightweight  pressure  vessels  (LLNL);  GM/ 
methanol  reformation. 

•  Gas  turbine  and  Stirling  engines  -  GM/ Allison  ceramic  gas  turbine  &  Stirling  Thermal 
Motors;  Ford/Teledyne  Ryan  and  Allied  Signal  gas  turbines. 

•  Flywheels  ~  Ford/Unique  Mobility;  Chrysler/Satcon.  Note:  GM  flywheel  work  with 
LLNL  and  Trinity  suspended  until  safety  issues  are  adequately  resolved. 

•  Advanced  batteries  and  Ultracapacitors  -  USABC  approached  Sandia  for  defense- 
related  materials  synthesis  and  advanced  battery  expertise  regarding  lithium-ion  batteries. 
Saft  is  also  working  on  lithium-ion;  lithium  polymer  work  underway  with  3M  and  Hydro- 
Quebec.  Similarly,  USABC  is  coordinating  advanced  work  on  ultracapacitors  with  labs 
and  suppliers. 

•  Advanced  Materials  -  USCAR  work  on  composite  crash  energy  management  (with 
LLNL,  ANL,  LANL,  SNL,  Y12);  adhesive  bonding  (ORNL),  durability  (ORNL);  casting 
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aluminum  and  magnesium  (ORNL,  LLNL,  SNL);  stainless  steel  body  structure  (Armco 
and  Autokinetics),  SRIM/composites  (NIST).  Ford  and  Chr\'sier  concept  vehicles  feature 
100%  aluminum  unibody  construction;  GM  EVl  uses  polymer  composites  and  aluminum 
in  the  suspension;  all  companies  are  working  with  Armco/  Autokinetics. 

However,  many  of  these  technologies  have  considerable  challenges  to  overcome  before  they 
can  be  considered  for  use  on  passenger  vehicles. 

4Q.    According  to  the  latest  "Fortune  500"  survey  (Fortune.  April  29,  1996,  p.  F-1),  the  1995  Big 
Three  revenues  exceeded  $359  billion,  and  profits  were  more  than  $13  billion.  We  also 
understand  that  total  R&D  spending  by  the  Big  Three  exceeds  $12  billion  with  GM  and  Ford 
spending  about  80%  of  the  total.  Why  should  U.S.  taxpayer  funds  contribute  to  the  R&D  of 
such  profitable  private  sector  firms? 

A.    The  technologies  under  development,  such  as  fuel  cells,  gas  turbines,  energy  storage  devices, 
advanced  internal  combustion  engines,  and  advanced  lightweight  materials  have  many 
applications  in  public  and  transportation  sectors.  For  example,  fuel  cells  are  used  by  NASA  to 
power  its  space  shuttles  and  could  potentially  be  used  as  a  silent  propulsion  system  for 
military  vehicles. 

The  focus  is  on  high-risk,  breakthrough  technologies  that  are  critical  if  meaningful  progress  is 
to  be  made  on  key  national  goals  including  improved  environmental  quality  and  reduced 
dependence  on  imported  oil.  Demand  for  most  of  these  advanced  technologies  is  not  market- 
driven  and  consequently  offers  little  opportunity  for  the  near-term  tangible  returns  necessary 
to  private  industry.  Government  involvement  and  funding  is  a  necessary  and  appropriate 
ingredient  to  support  progress  on  societal  goals  that  are  not  driven  by  current  customer 
demands. 

PNGV  strategically  aligns  the  goals  of  manufacturers  and  suppliers  with  those  of  federal 
agencies  and  labs  that  are  engaged  in  similar  or  complementary  research  efforts.  Significant 
efficiencies  are  realized  through  coordination  of  a  large  number  of  previously  separate  or 
independent  projects  into  a  cohesive  research  program. 

Finally,  it  is  important  to  note  that  most  of  the  federal  funds  allocated  to  this  program  do  not 
go  to  the  OEM  manufacturers.  Most  of  these  funds  go  to  federal  labs  and  industry  suppliers. 

5Q.    Some  auto  companies  estimate  that  more  than  half  of  their  research  dollars  are  devoted  to 
projects  related  to  meeting  government  regulations. 

a)    How  does  the  PNGV  initiative  improve  the  regulatory  environment  between  the  industry 
and  government? 

A.    The  PNGV  process  recognizes  that  industry  and  government  share  responsibility  for  achieving 
societal  goals  that  exceed  —  or  run  counter  to  -  customer  demands.  It  offers  the  possibility  of 
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breakthrough  technology  and  demonstrates  that  meaningful  progress  can  be  made  through 

cooperation  rather  than  mandates. 

Essentially,  the  PNGV  initiative  offers  an  opportunity  to  supplement  and  replace  the  old 
command-and-control  regulatory  mechanisms  vvith  a  cooperative  approach  that  achieves 
results  without  distorting  the  market,  compromising  consumer  needs,  or  costing  jobs.  We 
believe  that  industry  and  government  jointly  can  achieve  far  more  by  working  together 
through  a  science-based  process  than  through  traditional  adversarial  approaches  to  problem 
resolution. 

b)    Why  is  safety  not  more  prominently  addressed  in  this  initiative? 

Safety  is  a  critical  component  in  the  PNGV  technical  roadmap.  The  need  to  vastly  reduce 
vehicle  mass  increases  enormously  the  challenge  of  achieving  equivalent  safety  performance 
in  breakthrough  vehicles.  The  addition  of  sophisticated  energy  storage  devices  such  as 
flywheels  and  high-power  batteries  further  increases  the  safety  objective.  The  industry 
believes  that  ensuring  the  safety  of  advanced  vehicles  will  be  one  of  the  greatest  technical 
challenges  of  the  program.  Accordingly,  safety  issues  are  key  criteria  for  all  candidate  next- 
generation  technologies  (see  response  to  question  on  safety  posed  by  Representative  Wamp). 

6Q.    We  understand  that  many  small  businesses  and  some  universities  find  it  difficult  to  participate 
in  the  PNGV  program.  What  mechanisms  do  you  offer  that  allow  such  involvement  and 
protection  of  irmovative  concepts  proposed  by  small  companies? 

A.    We  have  established  mechanisms  and  targeted  programs  for  small  suppliers  and  universities. 
There  are  some  400  suppliers  (universities,  laboratories,  and  large  as  well  as  non-traditional 
companies)  involved  with  PNGV.  We  are  expanding  the  involvement  of  second  and  third  tier 
and  non-traditional  suppliers.  There  are  numerous  outreach  efforts  for  these  constituents, 
urging  and  easing  participation.  Examples  include: 

•  Inventions  Needed  for  PNGV  is  a  recent  publication  used  to  solicit  ideas  and  to  inform 
interested  third  parties  on  how  to  become  involved.  It  is  also  available  on  the  Internet. 

•  We  have  held  "outreach"  workshops  this  year  on  the  following  topics;  CIDIs,  aluminum, 
chassis  materials,  fuel  cells  and  manufacturing,  electrochemical  energy  storage,  and 
electronics  and  electrical  systems. 

•  Symposia  have  been  held  in  Washington,  UC  to  bring  together  the  nation's  experts  in  such 
areas  as  fuel  cells,  advanced  materials,  electrical  and  electronics,  and  energy  storage. 

•  The  Future  Car  program  involves  universities  and  numerous  suppliers. 

•  The  government's  Small  Business  Innovative  Research  (SBIR)  program  and  Energy 
Related  Inventions  Program  (ERIP)  enable  small  suppliers  to  become  involved  in  PNGV- 
related  research. 

•  NSF  welcomes  university  proposals  on  PNGV  topics  subject,  of  course,  to  normal  peer 
review. 
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Innovative  concepts  are  protected  by  normal  legal  processes  as  in  any  research  collaboration. 

7Q.    Will  the  PNGV  program  be  able  to  meet  all  of  the  technical  requirements  needed  for  the  1997 
milestone  of  selecting  the  most  promising  technologies? 

A.    We  have  many  areas  of  high  technical  risk  in  the  program,  largely  due  to  the  enormous 
challenge  and  the  constraints  on  resources  available  to  pursue  goals. 

In  the  words  of  the  Peer  Review  Panel,  "Despite  progress,  there  is  still  a  wide  gulf  between  the 
current  status  of  major  vehicle  systems  and  subsystems  and  the  performance  and  cost 
requirements  necessary  to  meet  major  PNGV  milestones,  such  as  the  1997  technology 
selection.  .  .  Some  of  the  technical  barriers  to  achieving  PNGV  objectives  can  probably  be 
overcome  with  sufficient  technical  breakthroughs." 

We  are  awaiting  critical  data  from  ongoing  studies  of  several  technologies  that  will  help  to 
answer  this  question.  There  are  significant  technical  barriers  to  be  addressed  in  every 
candidate  technology,  and  no  solutions  currently  present  themselves  as  obvious  choices.  We 
still  intend  to  select,  using  the  then  best  available  information,  those  technologies  that  are 
sufficiently  mature  to  proceed  with  validation  in  concept  vehicles  near  the  end  of  1997  as 
originally  planned.  While  we  should  certainly  be  able  to  select  the  most  promising 
technologies,  there  is  no  guarantee  that  the  technologies  selected  will  achieve  long  run 
program  objectives. 

8Q.    On  May  14,  1996,  Daimler-Benz  presented  its  second  generation  fuel-cell  powered 
demonstration  vehicle  (NECAR  II).  None  of  the  concept  cars  presented  in  the  "PNGV 
Technical  Accomplishments"  have  a  fuel-cell  powered  propulsion  system.  Has  the  U.S. 
already  fallen  behind,  even  though  we  initiated  the  PNGV  program? 

A.    The  U.S.  has  not  fallen  behind.  The  Daimler-Benz  demonstration  vehicle  is  a  small  van 
powered  by  a  fuel  cell  and  fueled  by  compressed  hydrogen  gas  carried  in  high-pressure, 
composite  tanks  mounted  in  the  roof  above  the  passengers'  heads.  The  fuel-cell  stacks  were 
designed  by  Ballard  Power  Systems  of  Vancouver  (Canada),  an  internationally  recognized 
leader  in  fiiel  cells.  Ballard  Power  Systems  and  other  fuel-cell  developers  are  also  working 
with  the  U.S.  companies  under  PNGV,  so  we  have  access  to  that  same  technology.  In 
addition,  partner  laboratories  and  companies  imder  PNGV  have  developed  lightweight 
composite  fuel  tanks,  so  a  van  equivalent  to  the  Daimler-Benz  vehicle  could  be  assembled. 
PNGV  partners  are  also  working  on  processors  to  allow  fuel  cells  to  run  on  methanol  and 
other  liquid  fuels  now  available  within  the  U.S.  infrastructure.  Additional  projects  are  under 
way  to  optimize  the  performance  of  fiiel  cell  stacks  and  their  associated  auxiliary  systems  for 
improved  packaging  in  the  limited  space  available  in  passenger  cars. 

9Q.    We  understand  that  MAN,  a  major  European  bus  manufacturer,  BMW  and  Daimler-Benz,  as 
well  as  Mazda,  in  Japan,  are  demonstrating  conventional  hydrogen-burning  internal 
combustion  (IC)  engines.  Is  a  hydrogen-fueled  IC  engine  being  considered  by  PNGV  and  if 
not,  why? 
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The  industry  has  studied  both  hydrogen-fueled  conventional  engines  as  well  as  other  uses  of 
hydrogen  such  as  in  fuel  cells.  There  are  two  principal  impediments  to  adoption  of  hydrogen  in 
conventional  vehicles:  first  is  the  safety  and  packaging  difficulties  of  storing  hydrogen  on- 
board; second  is  the  absence  of  an  efficient  infrastructure  to  supply  hydrogen  to  the  motoring 
public.  If  we  are  successful  in  resolving  the  on-board  storage  challenges  for  either 
conventional  or  breakthrough  applications,  we  believe  that  infrastructure  issues  could  be 
resolved  over  time  by  the  government  working  with  independent  energy  suppliers. 

It  is  important  to  note  that  the  use  of  hydrogen  as  a  substitute  fuel  for  gasoline  in  a  combustion 
engine  does  not  solve  the  problem  of  nitrogen  oxide  (NO  J  emissions.  NO^  is  formed  when 
combustion  takes  place  in  the  presence  of  air,  regardless  of  the  type  of  fuel  being  burned. 
Therefore,  a  hydrogen-fueled  conventional  engine  will  still  require  aftertreatment  devices  such 
as  a  catalytic  converter  to  reduce  NO^  emissions.  In  contrast,  hydrogen  fuel  cells,  where 
energy  is  generated  via  an  electrochemical  reaction,  do  not  produce  harmful  side  products  such 
as  NO,. 


lOQ.  You  mentioned  a  leap-frog  technology  developed  for  the  diesel  engine,  being  considered  for 
the  APU,  that  would  be  far.  ahead  of  the  European  diesel  engines.  Can  you  provide  any 
specific  information  abut  this  "leap-frog  technology"  that  would  make  diesel  a  promising 
choice  despite  the  NO,  and  particulate  emission  problems  of  current  diesel  engines? 

A.  The  primary  four-stroke,  direct-injection  approach  being  pursued  uses  high-speed,  four-valve 
diesel  technology.  We  are  working  toward  the  "breakthrough"  combination  of  very  high  fuel 
economy  and  very  low  emissions  that  could  achieve  the  PNGV  goals  utilizing  advances  in 
electronically-controlled,  common-rail  fuel  injection,  lean-NO,  catalysts,  and  very  fast 
actuating  electronically  controlled  boost  and  exhaust  gas  recirculation  systems.  The  level  of 
exhaust  emissions,  performance,  low  weight,  and  low  noise  that  must  be  achieved  is  far 
beyond  the  state-of-the-art  that  exists  in  diesel  technology  anywhere  in  the  world  today.  In 
particular,  compliance  with  U.S.  Federal  Tier  II  and  California  ULEV  NO,  emissions 
standards  requires  a  four  to  five  fold  decrease  in  NO,  emissions  versus  current  production 
diesel  engines.  In  addition,  the  PNGV  program  is  targeting  noise  levels  equivalent  to  today's 
advanced  gasoline  engines  and  weight  reductions  of  25-30%  versus  today's  production  diesel 
engines. 

1 IQ.  You  have  provided  a  single  unified  testimony  on  behalf  of  the  USCAR;  yet,  each  of  the 

USCAR  corporations  is  pursuing  separate  concept  vehicles  and  differing  technologies.  What 
is  the  justification  for  not  pursuing  development  of  a  single  prototype  vehicle? 

A.  The  USCAR  participants  are  collaborating,  on  a  pre-competitive  basis,  on  the  enabling 

technologies  for  PNGV,  as  depicted  on  the  organization  chart  shown  as  Attachment  IV  of  the 
filed  testimony.  For  the  initial  phase  of  hybrid  propulsion  systems,  we  have  agreed  to  develop 
unique  approaches  and  to  share  information  on  the  results.  This  clearly  is  efficient  and 
productive  for  what  we  are  trying  to  accomplish. 
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We  think  that  it  is  appropriate,  with  the  uncertainties  that  exist  at  this  early  stage  of  research, 
that  more  than  one  competing  set  of  technologies  be  carried  forward  and  validated  in  separate 
concept  vehicles.  Further,  in  addition  to  the  pre-competitive  technologies  that  we  have 
worked  on  jointly,  each  company  will  be  including  proprietary  technologies  and  design 
concepts  in  these  vehicles.  Therefore,  from  the  onset,  we  agreed  that  we  would  build  separate 
concept  vehicles  and  propulsion  systems. 


12Q.  You  state  in  your  testimony  that  "most  of  the  government  funds  are  re-directed  to  suppliers." 

a)  What  are  the  total  government  funds  received  by  the  Big  Three,  and  what  percentage  is  re- 
directed? 

b)  What  is  your  total  cost-sharing? 

A.    For  example,  in  FY  '97  DOE-PNGV  budget,  the  Big  Three  expect  to  receive  approximately 
$12  million  of  government  funding  on  a  net  basis.  Suppliers  receive  an  additional  $65  million 
of  government  funds  either  on  a  pass-through  basis  from  the  Big  Three  or  as  direct  contracts 
from  DOE.  Total  cost  sharing  by  the  Big  Three  related  to  the  DOE-PNGV  programs  amounts 
to  another  $29  million.  Industry  invests  a  substantial  additional  amount  in  collaborative  work 
and  proprietary  R&D  programs  within  each  company  relevant  to  PNGV  objectives  in  addition 
to  these  cost-shared  contracts.  Total  FY  '97  spending  from  all  government  sources  is  expected 
to  fall  within  the  range  of  $175  million  to  $200  million  pending  final  budget  approval  and 
determination  of  the  relevance  of  certain  agency  programs  to  PNGV  technical  objectives. 

13Q.  In  your  testimony,  you  refer  to  the  effect  of  some  programs  being  cut  prematurely  due  to 
variations  in  the  federal  PNGV  budget.  To  which  specific  programs  are  you  referring  to? 

A.  Earlier  this  year,  the  Department  of  Energy's  (DOE's)  Defense  Programs  Office  (DP)  indicated 

that  its  technology  transfer  efforts  with  USCAR  would  be  "realigned"  in  the  transition  from 
fiscal  years  FY  '96  to  FY  '97.  This  action  threatens  substantial  reductions  and  premature 
termination  of  over  a  dozen  Cooperative  Research  and  Development  Agreements  (CRADAs). 
Pending  clarification  from  DOE,  our  records  indicate  that  affected  CRADAs  include  the 
following:  "Reliability  of  on  Board  Diagnostics,"  "Exhaust  Gas  Sensors,"  "Thermal  Spray 
Coating,"  "Adaptive  Engine  Controls,"  "Manufacturing  Process  Controls,"  "Supercomputing," 
"Superplastic  Forming,"  "Welding  of  Thin  Metal  Sections,"  "Lean  NO,  Catalysis,"  "DI 
Engine  Combustion,"  "Life  Predictor  Assessment,"  and  "Reducing  Noble  Metal  Utilization." 

In  addition,  NASA  has  been  supporting  the  very  important  systems  analysis  efforts  mentioned 
by  the  NRC  Peer  Review  panel.  This  work  is  critical  to  the  decision  process  but  continued 
support  by  NASA  is  uncertain. 
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14Q.  You  stated  in  your  testimony  that  the  industiy/national  laboratory  relationships  are  very  strong 
and  beneficial.  Would  the  auto-makers  directly  make  financial  arrangements  to  fund  the 
PNGV  projects  at  the  Laboratories  in  the  absence  of  federal  funding? 

A.  The  industry  has  stated  that  its  commitment  to  the  principles  of  PNGV  will  survive  any  future 
reductions  in  federal  spending.  We  believe  that  the  objectives  of  PNGV  are  sufficiently 
important  that  they  transcend  near-term  political  or  fiscal  priorities  because  they  offer  an 
opportunity  to  reduce  the  impact  of  the  automobile  on  society  without  compromising  the 
public's  demand  for  personal  mobility. 

However,  it  is  important  to  recognize  that  the  elimination  of  federal  funding  will  have  adverse 
effects  on  the  timing  and  potential  success  of  the  program.  While  some  technologies  would 
continue  to  be  pursued  aggressively,  the  industry  isn't  prepared  to  fully  fund  the  very  high-risk 
long-term  research  where  commercial  viability  is  highly  uncertain  (and  thus  where  the 
opportunity  to  earn  back  the  investment  is  very  risky).  The  cost  sharing  arrangements  of  the 
current  projects,  where  government  bears  the  larger  share  of  the  most  risky  long-term  research 
activities,  reflect  this  fact. 

It  is  difficult  to  predict  which  efforts  at  the  national  laboratories,  if  any,  would  continue  to  be 
funded  by  industry,  or  would  be  available,  in  the  event  of  a  loss  of  federal  funding.  The 
industry  would  continue  to  search  for  the  best  technologies  regardless  of  source. 

15Q.  Would  you  support  the  NRC  review  as  a  permanent  annual  peer  review  of  the  PNGV  program 
to  ensure  its  continuity  and  impartiality? 

A.      Industry  and  government  agreed  in  the  PNGV  Declaration  of  Intent  to  an  on-going  peer 

review  of  the  technical  program  by  a  mutually-acceptable,  unbiased  organization,  such  as  the 
National  Academy  of  Sciences. 

I6Q.  Do  you  consider  critical  technical  barriers  such  as  safety  and  cost  reduction  as  research  topics 
or  engineering  problems? 

a)  How  do  you  differentiate  between  those  engineering  solutions  that  would  require  research 
and  those  thai  may  simply  require  re-tooling  or  re-design? 

b)  Why  should  the  government  fund  programs  solely  aimed  at  cost  reduction? 

A.  Reducing  costs  for  most  of  the  advanced  PNGV  technologies  in  order  to  produce  affordable 
vehicles  is  not  simply  a  matter  of  "scaling  up"  or  "fine  tuning"  existing  manufacturing 
processes.  Rather,  major  advances  in  our  scientific  understanding  of  controlling  phenomena 
must  be  made  in  addition  to  conceiving  substantial  technological  innovations  to  effect  the 
large  cost  reductions  required  to  make  the  new  technologies  in  high  volumes  while 
maintaining  high  quality  and  safety.  Government  funding  is  not  applied  for  re-designing  or 
engineering  within  existing  (known)  technology. 
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Government  participation  in  this  aspect  of  PNGV  research  is  entirely  appropriate  for  several 
reasons.  First,  in  many  cases  these  efforts  constitute  the  pursuit  of  knowledge  as  basic  as  any 
in  science.  Second,  it  is  frequently  not  possible  to  separate  how  something  performs  from  the 
process  used  to  make  it,  e.g.,  composite  materials  or  ultracapacitors.  Attacking  the  root  cause 
of  high  costs  is  a  legitimate  scientific  pursuit. 

1 7Q.  Composites  are  widely  used  in  aerospace,  boats  and  some  automobiles.  It  appears  that  a  great 
deal  of  PNGV  research  is  aimed  at  cost  reduction  and  high-volume  manufacturing.  Why 
should  the  federal  government  subsidize  such  commercial  activities  of  the  auto  industry? 

A.  For  composite  materials  to  be  viable  for  high-volume,  highly-structural  automotive 

applications  as  targeted  by  PNGV,  they  must  be  manufacturable  reliably  in  high  volume  and  at 
low  cost  in  addition  to  meeting  stringent  performance  requirements.  This  requires 
fundamental  technical  solutions  and  new  approaches  well  beyond  current  state-of-the-art  for 
composites  in  either  aerospace  or  automotive  use.  Thus  these  are  not  "commercial  activities 
of  the  auto  industry"  but  rather  part  of  developing  composites  as  a  viable  enabling  technology 
to  support  the  PNGV  goals.  If  we  are  successful  in  radically  reducing  the  cost  of  composite 
structures,  many  nationally  strategic  industries  will  benefit. 

18Q.  Can  an  effective  system  analysis  of  PNGV  concept  vehicles  be  performed  without  having 
selected  the  technologies,  or  are  you  using  system  analysis  as  a  "design/system  performance 
evaluation  tool"  to  assist  in  selection  of  the  appropriate  technologies? 

A.      Propulsion  and  vehicle  systems  analysis  has  been  ongoing  on  at  each  company  and  has  served 
as  a  building  block  for  the  PNGV  systems  analysis.  However,  systems  analysis  for  a  PNGV 
vehicle  must  include  technologies  (such  as  fuel  cells,  flywheels,  etc.)  that  go  beyond  the  auto 
industry's  current  knowledge  base.  Currently,  a  NASA-sponsored  project  is  developing  an 
advanced,  comprehensive  systems  analysis  tool  by  an  independent  contractor  that  includes 
these  advanced  technologies. 

This  advanced  systems  analysis  modeling  methodology  is  needed  to  estimate  operational 
characteristics  of  a  next  generation  vehicle  without  having  to  assemble  prototype  vehicle 
hardware.  Using  the  best  mathematical  models  available  for  each  component  —  various 
batteries,  flywheels,  engines,  electric  motors,  etc.,  system  performance  for  a  given 
combination  of  these  components  can  be  assessed.  In  this  way,  systems  analysis  does  assist  in 
selecting  the  appropriate  technologies  for  individual  components,  on-board  vehicle  systems, 
and  overall  vehicle  design. 

a)    Why  has  this  particular  activity  been  delayed  in  the  PNGV  program? 

The  industry  initiated  systems  analysis  research  at  each  company  at  the  start  of  the  program  in 
addition  to  the  work  assigned  to  NASA  and  its  sub-contractors.  Delays  in  securing  funding 
for  outside  contractors  did  not  result  in  a  slow  down  of  intemal,  largely  proprietary  work. 
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QUESTIONS  FOR  PANEL  1  AND  USCAR  REPRESENTATIVES 


1 Q.    Is  it  your  understanding  that  the  PNGV  program  is  currently  open  and  accessible  to  interested 
small  businesses? 

A.     We  have  established  mechanisms  and  targeted  programs  for  small  suppliers  and  universities  in 
several  agencies  of  the  government.  There  are  some  400  suppliers  (universities,  laboratories, 
and  large  as  well  as  non-traditional  companies)  involved  with  PNGV.  We  are  expanding  the 
involvement  of  second  and  third  tier  and  non-traditional  suppliers.  There  are  numerous 
outreach  efforts  for  these  constituents,  urging  and  easing  participation.  Examples  include: 

•  Inventions  Needed  for  PNGV  is  a  recent  publication  used  to  solicit  ideas  and  to  inform 
interested  third  parties  on  how  to  become  involved.  It  is  also  available  on  the  Internet. 

•  We  have  held  "outreach"  workshops  this  year  on  the  following  topics:  CIDls,  aluminum, 
chassis  materials,  fuel  cells  and  manufacturing,  electronics  and  electrochemical  energy 
storage. 

•  Symposia  have  been  held  in  Washington,  DC  to  bring  together  the  nation's  experts  in  such 
areas  as  fuel  cells,  advanced  materials,  electrical  and  electronics,  and  energy  storage. 

•  The  Future  Car  program  involves  universities  and  numerous  suppliers. 

•  The  government's  Small  Business  Innovative  Research  (SBIR)  program  and  Energy 
Related  Inventions  Program  (ERIP)  enable  small  suppliers  to  become  involved  in  PNGV- 
related  research. 

•  NSF  welcomes  university  proposals  on  PNGV  topics  subject,  of  course,  to  normal  peer 
review. 

Innovative  concepts  are  protected  by  normal  legal  processes  as  in  any  research  collaboration. 

2Q.    How  much  of  an  emphasis  is  put  on  small  business  contributing  new  technologies  and 
innovations  to  the  program? 

A.     At  present,  we  have  about  400  organizations  involved  in  PNGV,  as  the  PNGV  program 

includes  many  new  enabling  technologies  and  several  small  non-traditional  firms.  PNGV  also 
includes  a  process  for  suppliers  or  private  entrepreneurs  to  obtain  information  about  the 
program  and  to  submit  their  ideas.  A  recently  published  document  entitled  Inventions  Needed 
for  PNGV  is  being  used  to  solicit  ideas  and  to  inform  interested  third  parties  on  how  to 
become  involved. 

3Q.    How  much  of  an  emphasis  is  placed  on  small  businesses  filling  a  needed  technical  void  under 
the  PNGV's  prevailing  design  plans? 
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A.      The  program  is  seeking  breakthrough  technology  irrespective  of  source  or  geographic 
location.  \^''hile  the  Partnership  is  sensitive  that  it  needs  to  take  special  care  to  evaluate 
technologies  from  small  entrepreneurial  firms,  its  emphasis  must  remain  on  securing  the  best 
available  technologies. 

4Q.    NVTiat  mechanisms  exist  for  new  innovative  technologies  proposed  by  small  businesses  to  be 
pursued  if  they  are  not  being  considered  by  the  Big  Three? 

A.      The  government  has  several  existing  mechanisms  that  can  help  individuals  and  small 

businesses.  Examples  are  the  Small  Business  Innovative  Research  (SBIR)  programs  of  every 
participating  agency  and  the  DOE-fiinded,  NIST-executed  Energy  Related  Inventions  Program 
(ERJP).  Beyond  these  programs,  agencies  are  supporting  work  with  smaller  companies, 
without  any  direct  participation  by  any  of  the  USCAR  partners.  Examples  include  the  seven 
ARPA  regional  consortia  working  on  hybrid  and  electric  vehicles  and  DOE  CRADAs  with 
various  third  parties. 

5Q.    Would  it  be  a  standard  business  practice  to  sign  non-disclosure  agreements  with  a  small 

businessman  who  comes  to  the  PNGV  program  in  order  to  determine  the  worth  to  the  program 
of  a  new  technology  he  or  she  wanted  to  advance? 
If  not,  why  not? 

a.)  Is  this  a  standard  procedure  that  the  government  follows  in  its  negotiations? 

A.      Initially,  the  Partnership  would  prefer  to  evaluate  new  technologies  without  the  bureaucratic 
delays  inherent  in  non-disclosure  agreements.  Small  businesses  are  encouraged  to  protect 
information  through  patents  and  other  traditional  mechanisms  consistent  with  established 
business  practices.  If  a  technology  appears  to  have  promise,  it  is  typically  in  the  best  interest 
of  both  the  supplier  and  the  Partnership  to  enter  into  non-disclosure  agreements. 
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QUESTIONS  FROM  CONGRESSWOIMAN  JACKSON  LEE 


IQ.    The  structure  and  management  of  the  program  have  been  called  into  question  by  some  people. 
Can  you  give  me  recommendations  as  to  how  the  program  could  be  restructured  on  the 
government  or  industry  side  to  bring  about  better  or  more  efficient  management? 

A.    The  management  structure  of  PNGV  was  agreed  upon  by  our  companies  and  our  partners  in 
the  Federal  agencies  recognizing  the  realities  of  agency  management  within  existing  program 
budgets,  as  well  as  the  need  for  large  competing  companies  to  work  together  on  pre- 
competitive  research.  We  all  understand  that  this  management  structure  is  somewhat  tedious 
in  that  it  must  rely  on  consensus  building  rather  than  command  and  control.  But  just  as  no 
Federal  agency  or  Congressional  committee  will  cede  control  of  its  budget  to  another,  it  is 
even  less  appropriate  for  a  corporation  to  cede  control  of  future  products  to  a  competitor's 
project  manager.  We  have  continued  to  improve  efficiency  within  the  present  structure  by 
sharing  pre-competitive  technology  and  combining  industry/government  research  programs 
whenever  possible.  The  shared-responsibility  management  system  that  we  are  using  is 
familiar  to  anyone  who  has  worked  with  risk-sharing  joint  ventures.  While  cumbersome  at 
times,  this  consensus  style  of  operation  leads  to  frank  dialog  about  issues  and  potential 
solutions  and  produces  high-quality  decisions. 

2Q.    When  do  you  see  the  technologies  being  developed  under  the  PNGV  program  coming  into 
wide  use  in  the  production  of  automobiles? 

A.    The  industry  has  committed  to  offer  new  technologies  developed  in  PNGV  on  conventional 
vehicles  as  soon  as  they  become  commercially  viable.  This  process  has  already  begun  with 
the  introduction  of  both  composite  and  aluminum  parts  (such  as  hoods  and  trunk  lids)  to 
replace  conventional  steel  applications  for  weight  reduction.  As  the  technical  development 
process  continues,  more  and  more  applications  are  expected  to  benefit  all  classes  of  vehicles 
leading  to  more  efficient  vehicle  fleets  that  offer  increased  payload  or  increased  fuel  efficiency 
options  to  the  public. 

3Q.    Can  you  tell  me  what  the  returns  are  that  we  can  expect  from  the  PNGV  program  in  terms  of 
reduced  oil  usage,  new  car  exports  and  environmental  benefits? 

A.    PNGV  is  a  research  program  that  has  very  ambitious  goals.  The  positive  contributions  of  the 
program  will  be  directly  related  to  the  degree  that  we  achieve  our  objectives  and  the 
acceptance  of  this  new  class  of  highly  sophisticated  vehicles  by  the  public.  It  is  difficult  to 
identify  specific  timetables  and  deliverables  for  PNGV  benefits,  however,  we  believe  that 
development  of  these  technologies  would  have  widespread  societal  benefits  and  contribute  to 
air  quality,  energy  security,  and  improved  industrial  competitiveness. 
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4Q.    Although  it's  early  yet,  at  this  point  in  the  program,  which  goals  do  you  see  in  danger  of  the 
program  not  meeting? 

A.    In  the  words  of  the  NRC  Peer  Review  Panel,  "Despite  progress,  there  is  still  a  wide  gulf 
between  the  current  status  of  major  vehicle  systems  and  subsystems  and  the  performance  and 
cost  requirements  necessary  to  meet  major  PNGV  milestones...  Some  of  the  technical  barriers 
to  achieving  PNGV  objectives  can  probably  be  overcome  with  sufficient  technical 
breakthroughs." 

We  are  awaiting  critical  data  from  ongoing  studies  in  several  technologies  that  will  help  to 
answer  your  question.  Although  we  are  optimistic  that  the  partnership  will  dedicate  sufficient 
resources  to  support  the  research  goals,  there  are  significant  technical  barriers  to  be  addressed 
in  every  candidate  technology,  particularly  with  regard  to  breakthrough  fuel-efficiency 
technologies. 
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USCAR  RESPONSE  TO  REPRESENTATIVE  WAIVrP 

Q.    Does  use  of  lighter  weight  materials  in  vehicles  to  reduce  mass  compromise  safety? 

A.  The  PNGV  goal  is  to  achieve  up  to  three  times  improvement  in  fuel  efficiency  without  compromising 
customer  acceptability  of  the  product,  including  affordability  and  safety.  The  specifics  of  our  technical 
strategy  include  up  to  a  40%  weight  savings  for  the  total  vehicle.  Our  objective  is  to  achieve  the  PNGV 
technical  targets,  including  the  weight  savings,  without  compromising  safety,  performance  or  other 
customer  expectations  and  needs. 

This  is  a  significant  challenge.  The  connection  between  occupant  safety  and  vehicle  weight  and  size  has 
been  thoroughly  examined  over  the  years  and  is  well  understood  for  the  current  materials  and  designs 
used  in  cars  and  light  trucks.  A  number  of  studies  have  been  done  by  government  and  private  sector 
organizations  that  have  clearly  demonstrated  that  reducing  either  vehicle  size  or  weight  will  reduce 
occupant  safety.  This  safety  impact  has  been  a  major  concern  of  the  auto  companies  when  responding 
to  regulatory  requirements  such  as  higher  fuel  economy  standards  for  vehicles,  which  may  require 
automakers  to  reduce  vehicle  size  and/or  mass. 

The  PNGV  program  expects  to  avoid  one  of  these  problems  by  not  undertaking  any  significant 
downsizing  in  the  vehicles.  Maintaining  vehicle  size  will  maintain  the  crush  space  of  existing  vehicles 
and  thus  will  not  reduce  the  space  in  the  PNGV  vehicles  in  which  the  energy  of  the  crash  must  be 
managed. 

Just  as  important  as  size,  however,  is  the  mass  (or  weight)  of  the  vehicle.  In  most  accident  situations, 
the  occupants  of  the  vehicles  involved  are  better  protected  when  their  vehicles  have  more  mass. 
According  to  the  basic  laws  of  physics,  heavier  vehicles  have  an  advantage  in  deforming  or  displacing 
obstacles  such  as  trees,  poles,  and  fences.  This  allows  these  vehicles  valuable  additional  space  to 
decelerate  the  vehicle  and  its  occupants.  Statistical  evidence  shows  that  these  safety  advantages 
afforded  to  occupants  of  heavier  vehicles  more  than  outweigh  any  disadvantages,  such  as  increased  risk 
to  pedestrians  or  bicyclists.  Thus,  PNGV's  goal  of  reducing  weight  by  40%  without  adversely  affecting 
safety  is  a  substantial  task. 

New  steel,  aluminum,  and  composite  materials  will  be  used  to  accomplish  the  weight  savings.  A  key 
criterion  in  material  selection  and  design  will  be  the  properties  that  these  materials  display  in  vehicles. 
Aluminum  and  composites  have  shown  the  potential  to  be  superior  energy  absorbers  compared  with 
current  materials. 

Vehicle  structural  designs  and  enhanced  occupant  restraint  systems  are  expected  to  be  the  primary  tools 
for  achieving  today's  equivalent  crash  protection  performance  with  lighter  weight  materials. 

In  summary,  reducing  mass  generally  involves  reducing  vehicle  safety,  but  it  is  hoped  that  maintaining 
size  and  crush  space  while  incorporating  new  advanced  materials  and  safety  technologies  will  allow 
PNGV  to  increase  fuel  efficiency  by  up  to  three  times  without  sacrificing  safety. 
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SUBCOMMITTEE  ON  ENERGY  AND  ENVIRONMENT 

COMMITTEE  ON  SCIENCE 

U.S.  HOUSE  OF  REPRESENTATIVES 

QUESTIONS  FOLLOWING  THE  HEARING  ON 

Partnership  for  a  New  Generation  of  Vehicles  (PNGV): 
Assessment  of  Program  Goals,  Activities  and  Priorities 

HELD  ON 

Tuesday,  July  30,  1996 

1:00  p.m.  -  4:00  p.m. 

2318  Raybum  House  OfHce  Building 

Responses  to  Questions  Submitted 
to  NRC  on  August  8.  1996 

SUBMITTED  BY 

Trevor  O.  Jones,  Chairman 
NRC-PNGV  Standing  Committee 

Ql)      Your   testimony  and   review   seems   to  be  constrained   and    measured.      Would   a 
Congressionally-mandated  annual  review  allow  you  a  less  constrained  response? 

Al)  a.  The  testimony  may  have  seemed  constrained  and  measured  to  the  Subcommittee. 
However,  this  was  totally  due  to  the  extremely  short  time  (5  to  7  minutes)  given 
to  present  the  findings  of  a  very  broad  and  complex  program.  The  two  reports 
of  the  NRC  Committee  are  quite  specific  with  regard  to  its  evaluation  of  the 
PNGV  program  and  its  recommendations.  I  would  be  pleased  to  provide  a  more 
extensive  presentation  of  the  reviews  to  the  Subcommittee. 

b.         A  Congressionally-mandated  annual  review  would  not  result  in  a  less  constrained 
response. 


Q2)  In  its  second  annual  report,  the  NRC  PNGV  Standing  Committee  states:  "progress  has 
been  made  toward  Goals  1  and  2  [of  the  PNGV]  since  the  first  NRC  review  in  August 
1994".  You  do  not  comment  on  the  level  of  progress  on  these  two  goals.  You  also  state 
in  your  testimony  (p. 5),  "..  there  is  significantly  less  risk  associated  with  Goals  1  and 
2  compared  to  Goal  3."  What  level  of  participation  by  the  federal  government  is  now 
justifiable  in  Goals  1  and  2? 

A2)  It  is  not  possible  to  comment  on  a  justifiable  level  of  federal  government  participation 
in  the  absence  of  definitive  and  measurable  objectives  for  Goals  1  &  2. 
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Q3)  Will  the  PNGV  program  be  able  to  meet  all  of  the  technical  requirements  needed  for  the 
1997  milestone  of  selecting  the  most  promising  technologies?  If  not,  what  should  be 
done  to  optimally  address  that? 

A3)  a.  It  is  unlikely  that  Jill  of  the  technical  requirements  needed  for  the  1997  milestone 
of  selecting  the  most  promising  technologies  will  be  met.  This  aspect  of  the 
PNGV  program  will  be  a  major  topic  of  the  NRC's  third  review  starting  on 
September  9,  1996. 

b.  The  timely  selection  of  the  most  appropriate  technologies  could  be  enhanced  by 
increasing  and/or  redistributing  funds  to  the  critical  areas  indicated  in  the  Second 
NRC  report  issued  March,  1996. 


Q4)  You  rate  the  potential,  "regardless  of  schedule",  for  success  of  the  fuel  cell  option  as 
Medium.  Please  describe  the  barriers  that  lead  to  this  conclusion.  Could  a  stronger 
commitment  by  the  PNGV  to  development  of  fuel  cells  result  in  a  more  speedy  resolution 
of  these  barriers? 

A4)  a.  The  challenges  faced  for  fuel  cell  system  development  are  clearly  set  out  in  the 
PNGV  Technical  Roadmap,  which  lists  them  as:  "...cost,  efficiency... unattended 
reliability  and  durability."  In  addition  it  states,  "PNGV  cost  and  efficiency 
targets  are  the  major  challenges  for  fuel  processing,  while  cost  and  energy  density 
targets  are  the  major  challenges  for  hydrogen  storage."  System  targets  set  forth 
in  the  Technical  Roadmap  include  a  peak  power  efficiency  of  53  percent, 
compared  with  an  estimate  of  45  percent  today;  and  a  power  density  of  0.4  kW/1, 
and  specific  power  of  0.4  kW/kg,  both  of  which  are  about  twice  the  estimated 
state  of  the  art  today.  It  is  important  to  note  that  the  efficiencies  quoted  above 
are  based  on  the  use  of  hydrogen  as  a  fuel'.  Since  it  is  unlikely  that  hydrogen 
can  be  stored  on  board  a  vehicle  under  the  constraints  established  by  PNGV  Goal 
3,  vehicle  efficiency  calculations  based  on  fuel  sources  may  be  more  appropriate. 

The  cost  reduction  target  is  by  far  the  most  challenging— from  over  $200  per  kW 
today  to  $30  per  kW  (in  1995  dollars)  by  2004.  Hydrogen  storage  targets  of 
2  kWh/1  and  3  kWh/kg  can  only  be  approached  with  costly  and  energy-inefficient 
liquid  storage  systems.  Today,  such  storage  of  gaseous  hydrogen  would  require 
five  times  the  PNGV  target  size  and  2.7  times  the  target  weight,  as  specified  in 
the  Technical  Roadmap.  The  committee  did  not  receive  estimates  for  the  current 
size  and  weight  of  fuel  processors  for  converting  hydrocarbon  or  methanol  fuel 
to  hydrogen  on  board  the  vehicle,  but  targets  of  0.5  kW/1  and  1.0  kW/kg  have 
been  established  by  the  PNGV. 


Efficiencies  of  overall  systems,  including  a  reformer,  are  frequently  not  known  and  also  depend 
on  the  reformer  fiiel.  The  use  of  an  efficiency  based  on  hydrogen  is  helpfiil  as  a  standard  and  for 
comparison  purposes. 
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A4)  b.  It  is  more  appropriate  to  maintain  adequate  funding  on  a  sustainable  basis  within 
a  well-defined  and  managed  program  than  to  seek  speedy  resolutions  of  barriers 
because  inventions  and  breakthroughs  are  required. 

The  NRC's  third  review  of  the  PNGV  program  will  specifically  address  this 
subject. 


Q5)  Gas  turbines,  direct  injection  compression  ignition,  DICI  (direct  injection  diesel)  and  fuel 
cell  are  identified  as  the  three  primary  energy  converters.  Despite  the  technical  and  cost 
issues  remaining  with  the  development  of  gas  turbines  for  automobiles  and  the  lack  of 
solutions  for  particulate  and  NOx  emissions  from  the  Diesel  option,  the  Committee  does 
not  take  very  clear  and  strong  positions  on  these  three  options.  Are  other  options 
available  that  were  not  considered  due  to  lack  of  interest  by  the  PNGV  organization? 

A5)      a.         Very  clear  opinions  on  the  energy  conversion  options  are  presented  in  the  NRC 
report,  namely: 

DICI   (Page  50  of  the  Second  NRC  Report) 

"In  the  committee's  view,  a  variable  geometry  turbocharged,  direct-injected, 
variable-swirl,  compression-ignition  engine  with  a  unique  lightweight  structure, 
complex  high-pressure  fuel  system,  using  sophisticated  electronic  controls  and 
exhaust  after  treatment  should  not  in  any  way  be  considered  "conventional."  It 
currently  is  the  most  promising  alternative  to  achieve  the  goals  of  the  PNGV 
program  within  the  prescribed  time  frame. " 

Gas  Turbine   (Page  51  of  the  Second  NRC  Report) 

"The  pursuit  of  ceramic  materials  for  high-temperature  turbomachinery  has  a  long 
history  and  has  yielded  advances  in  the  knowledge  base.  Indeed,  many  millions 
of  dollars  have  been  spent  over  many  years  in  this  area  in  support  of  automotive 
and  military  projects,  especially  in  the  United  States.  Unfortunately,  in  spite  of 
this  sizable  effort,  no  satisfactory  materials  or  fabrication  techniques  have  been 
found  that  could  extend  to  the  type,  size,  and  cost  requirements  of  engines 
suitable  for  the  PNGV  application.  Specifically,  the  material  technology  is 
expensive,  even  for  the  raw  materials  alone.  Also,  the  process  of  forming  them 
into  the  proper  shapes  is  costly.  There  are  problems  in  reducing  the  ceramic 
components  to  the  size  required,  while  still  meeting  the  essential  performance 
criteria  (e.g.,  for  strength,  durability,  and  precision). 

Gas  turbine  engines  face  a  major  cost  hurdle  to  achieve  the  PNGV  goal. 
Historically,  high-speed,  high-temperature  turbomachinery  has  been  more  costly 
than  less  compact,  heavier  powerplants.  The  need  for  precision  ceramic 
components  may  render  the  cost  target  difficult  to  achieve  within  the  PNGV  time 
schedule. " 
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A5)  Fuel  Cells   (Page  55  of  the  Second  NRC  Report) 

"Fuel  cells,  in  the  long  term,  offer  the  potential  of  high-energy  conversion 
efficiency.  Cost  remains  a  major  problem.  Mass  production  alone  is  not  enough 
to  drive  the  cost  of  today's  state-of-the-art  fuel  cell  systems  down  to  acceptable 
levels.  No  satisfactory  fuel  supply  solution  is  apparent,  although  some  candidates 
have  certain  attractive  features.  Hydrogen  infrastructure  and  storage  concerns 
force  consideration  of  using  on  board  fuel  processors,  which,  in  turn, 
substantially  compromise  the  efficiency  advantage  of  the  fuel  cell.  As  noted 
above,  substantial  progress  is  being  made,  but  several  major  research 
breakthroughs  are  still  needed  for  this  technology  to  meet  PNGV  technical  targets 
and  schedules." 

b.         The  NRC  Committee  is  not  aware  of  any  other  options  that  it  has  not  considered. 


Q6)  Neither  the  PNGV  plan  nor  your  assessment  of  the  DICI  technology  addresses  the  need 
to  develop  appropriate  fuels  for  this  particular  approach.  Are  you  aware  of  any  efforts 
to  find  appropriate  fuels  for  DICI  and  perhaps  solve  some  of  the  pollution  problems  with 
reformulation  of  the  fuel? 

A6)  a.  The  PNGV  was  beginning  to  consider  the  issues  surrounding  fuel  requirements 
and  the  possible  benefits  of  reformulated  fuel  at  the  time  of  the  second  NRC 
Committee  review.  These  studies  were  in  their  early  stages  are  referred  to  in  the 
Committee's  second  report  under  Recommendation  4  in  the  Powertrain  Section, 
page  60,  as  follows: 

Recommendation.  The  PNGV  should  perform  a  study  to  establish  the 
energy  balance,  in-use  environmental  effects,  and  resource  requirements, 
as  well  as  production  and  distribution  costs,  for  any  fuels  other  than 
gasoline  or  diesel  fuel  being  considered  for  use  in  Goal  3  vehicles. 

Dimethyl  ether,  referred  to  on  page  63  of  the  report,  is  a  fuel  being  considered 
as  having  potential  to  reduce  both  particulate  and  NOx  emissions. 

b.  The  Second  NRC  Report  alerted  the  PNGV  program  of  the  need  to  study  the 
infrastructure  implications  of  candidate  technologies.  The  following  paragraph 
is  extracted  from  Chapter  7  Infrastructure  of  the  NRC-PNGV  report: 

"The  adoption  of  alternative  PNGV  power  plants  that  use  fuels  such  as  methanol, 
dimethyl  ether  or  hydrogen  would  create  immense  demands  on  the  entire  fuel 
production,  transportation,  storage,  and  retail-distribution  infrastructure. 
Significant  new  investments  would  be  required  both  in  the  production  and  retail 
segments.  Portions  of  existing  facilities  and  equipment  could  become  obsolete, 
resulting  in  the  early  writeoff  of  investments.  The  willingness  of  consumers  to 
adapt  to  the  use  of  alternative  fuels  will  also  have  an  important  influence  on  the 
success  of  the  PNGV  program. 
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The  highway  infrastructure  includes  the  highway  system,  the  vehicle  and  its 
operator,  and  the  services  associated  with  vehicle  operation.  The  operation  of 
vehicles  producers  the  undesirable  consequences  of  property  damage,  human 
casualties,  and  environmentally  harmful  emissions.  A  number  of  significant 
issues  relating  to  PNGV  arise  from  highway  infrastructure  considerations." 

The  subject  of  infrastructure  and  environmental  impact  will  become  a  critical 
consideration  during  technology  downselect  in  late  1997.  PNGV's  proposed  solutions 
will  be  evaluated  by  the  ^fRC  Committee  at  that  time. 


Q7)      You  note  a  lack  of  participation  by  DOT,  EPA  and  DOD  in  the  PNGV  program.  Is  this 
due  to  a  lack  of  interest  by  the  agencies  or  a  lack  of  encouragement  by  the  PNGV? 

A7)      It  is  my  understanding  that  these  agencies  have  been  invited  to  participate  in  PNGV.   It 
would  be  more  appropriate  to  ask  this  question  of  the  individual  agencies. 


Q8)      What  are  the  impacts  of  the  electric  vehicle  developments  on  the  PNGV  and  vice  versa? 

a)  Has  the  U.S.  prompted  a  competition  by  the  European  and  Asian  countries 
by  announcing  the  PNGV? 

b)  What  kind  of  competition  are  we  facing  now? 

A8)      a.         Since   the   PNGV   vehicle   will   most  probably   be   hybrid-electric,    there   is 
considerable  synergy  with  electric  vehicle  developments  and  vice  versa. 

b.  The  existence  of  the  PNGV  program  has  prompted  active  programs  in  Japan  and 
Europe.  On  a  crude  technology  assessment  basis,  each  nation  or  group  of  nations 
has  its  strengths  and  weaknesses.  In  my  view,  the  largest  international 
competitive  threat  would  come  from  a  competing  nation  that  enters  the  market 
with  a  PNGV-type  vehicle  at  something  less  than  80mpg  --  perhaps  50  -  60  mpg. 


Q9)  Can  an  effective  system  analysis  of  PNGV  concept  vehicles  be  performed  without  having 
selected  the  technologies,  or  are  you  using  system  analysis  as  a  "design/system 
performance  evaluation  tool"  to  assist  in  selection  of  the  appropriate  technologies? 

a)         Why  has  this  particular  activity  been  delayed  in  the  PNGV  program? 

A9)      a.         The  details  surrounding  the  delay  in  initiating  the  systems  analysis  subcontract 
should  be  provided  by  the  PNGV. 

b.         Yes;  it  is  mandatory  that  systems  analysis  be  used  in  the  selection  of  technologies 
to  be  applied  to  PNGV  vehicles. 
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c.  Comprehensive  and  rigorous  systems  analysis  would  provide  engineers  and 
scientists  with  the  basic  comparative  data  to  select  the  optimum  components, 
subsystems  and  systems. 


RESPONSES  TO  QUESTIONS  FROM 
CONGRESSWOMAN  JACKSON  LEE 


Ql)  The  structure  and  management  of  the  program  have  been  called  into  question  by  some 
people.  Can  you  give  me  any  recommendations  as  to  how  the  program  could  be 
restructured  on  the  government  or  industry  side  to  bring  about  better  or  more  efficient 
management? 

Al)  The  following  recommendations  on  program  management  are  taken  from  Page  79  of  the 
second  NRC  report  issued  in  March,  1996: 

Recoimneiidation.  The  committee  still  strongly  recommends  that  the  partners  in 
USCAR  appoint  a  single  technical  director  as  a  way  of  benefitting  from  the  leverage  of 
an  integrated  organization  in  pursuit  of  PNGV  goals. 

Recommendation.  The  committee  reiterates  its  earlier  recommendation  that  senior 
management  at  DOC  and  DOE  install  a  management  structure  with  appropriate  authority 
and  responsibility  as  soon  as  possible  and  ensure  strong,  capable  staffing.  This  structure 
should  include  a  chief  technical  officer  to  provide  technical  direction  to  the  wide  array 
of  government  technical  activities.  The  role  of  the  chief  technical  officer  becomes  even 
more  critical  in  the  absence  of  a  single  USCAR  technical  program  director. 

Recommendation.  To  be  successful,  a  complex  development  program  such  as  PNGV 
must  have  well-defined  plans  and  objectives,  adequate  resources,  and  the  support  of 
sufficient  funding.  It  is  incumbent  upon  both  USCAR  and  the  government  to  ensure  that 
adequate  resources  for  the  PNGV  program  are  provided  in  a  timely  manner  and  used 
efficiently  in  overcoming  the  critical  barriers  to  achieving  PNGV  goals. 


Q2)  When  do  you  see  the  technologies  being  developed  under  the  PNGV  program  coming 
into  wide  use  in  the  production  of  automobiles? 

A2)  This  question  can  be  more  fully  responded  to  following  technology  selection  at  the  end 
of  1997.  For  those  Goal  3  technologies  which  are  selected,  it  will  be  at  least  a  decade 
from  now  before  they  are  in  wide  use  in  production  automobiles. 


Q3)      Can  you  tell  me  what  the  returns  are  that  we  can  expect  from  the  PNGV  program  in 
terms  of  reduced  oil  usage,  new  car  exports  and  environmental  benefits? 
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A3)  If  the  PNGV  program  comes  close  to  meeting  its  technological,  cost,  and  timing  goals, 
it  could  launch  the  automotive  industry  in  a  new  era  of  global  competitive  achievement, 
resulting  in  substantial  improvements  in  the  quality  of  life  for  all  Americans.  The 
benefits  of  the  program  are  potentially  far  reaching  in  terms  of  a  strong  industrial  base, 
fuel  savings,  reduced  carbon  dioxide  emissions,  less  air  pollution,  and  lower  oil  imports. 
The  benefits  will,  however,  accrue  over  a  long  period  of  time  and  will  be  widely 
distributed. 


Q4)      Although  it's  early  yet,  at  this  point  in  the  program,  which  goals  do  you  see  in  danger 
of  the  program  not  meeting? 

A4)      PNGV  has  set  extremely  aggressive  performance,  cost  and  schedule  goals  and  as  such, 
it  is  unlikely  that  all  of  the  goals  will  be  met  simultaneously  by  the  year  2004. 

Since  the  goals  are  extremely  tough,  any  shortfall  should  not  cause  the  program  to  be 
considered  a  failure.  In  my  opinion,  the  achievement  of  a  x2  fuel  economy  and  higher 
would  be  an  outstanding.   Achieving  the  x3  fuel  economy  would  be  remarkable. 

The  largest  single  challenge  is  to  achieve  the  specified  performance  levels  within  the 
defined  production  cost  goals.  To  date,  no  technology  has  demonstrated  this  combined 
capability  (cost  and  performance),  hence,  the  need  for  a  concentrated  and  adequately 
funded  long-term  R&D  program. 


RESPONSES  TO  QUESTION  FROM 
CONGRESSMAN  ZACK  WAMP 

QI)      Does  use  of  lightweight  material  in  building  [automobiles]  compromise  [their]  safety? 

Al)  The  use  of  lightweight  materials  in  vehicles  need  not  compromise  safety  provided 
adequate  care  is  taken  in  the  structural  design  of  the  vehicle  to  effectively  manage  crash 
energy  during  impact  conditions. 

A  larger  issue  is  the  relative  safety  of  lighter  weight  vehicles  when  co-mingled  with 
larger  and  significantly  heavier  vehicles  on  the  highway. 
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Subcommittee  on  Energy  and  Environment 

Committee  on  Science 

U.S.  House  of  Representatives 

Questions  Following  the  Hearing  on: 

Partnership  for  a  New  Generation  of  Vehicles  (PNGV): 
Assessment  of  Program  Goals,  Activities  and  Priorities 

Held  on 

Tuesday,  July  30,  1996 

1:00  p.m. -4:00  p.m. 

2318  Rayburn  House  Office  Building 

Responses  by  Dr.  Robert  Hirsch,  Member,  NRC-PNGV  Standing 
Committee  to  Questions  Submitted  to  NRC  on  August  8, 1996 


Ql.       You  stated  in  your  testimony  that:  "A  major  issue  of  concern  to  our  review 
committee  is  the  level  of  funding  for  the  government  part  of  the  PNGV  program.  The 
PNGV  program  plan  included  estimates  of  required  government  funding  levels,  which 
were  to  grow  over  time.  The  levels  were  considered  essential  to  program  success...."  How 
were  these  considered  to  be  essential? 

Al.       Without  adequate  funding,  not  enough  work  will  be  done  to  make  informed 
decisions  on  the  PNGV  program  schedule  currently  envisioned.  The  choices  are  then  to 
either  delay  the  decision  making  in  order  to  accumulate  the  needed  information  over  a 
longer  period  of  time  or  to  make  a  decision  with  available  information,  thereby  increasing 
the  risk  of  not  achieving  the  program  objectives.  There  is  no  question  that  the  reduced 
funding  levels  and  reduced  participation  by  the  government  since  the  PNGV  program  was 
initaited  has  decreased  the  likelihood  that  the  program  will  succeed  in  its  goals, 
particularly  Goal  3  of  achieving  up  to  80  mile  per  gallon  production  prototype  vehicle  by 
the  year  2004.  However,  it  is  entirely  possible  that  the  current  program  with  its  reduced 
fiinding  will  lead  to  a  50  or  60  mpg  vehicle,  which  would  still  be  a  considerable 
accomplishment. 

Q2.       Do  you  continue  to  recommend  that  a  single  technical  director  for  USCAR  be 
named?  (a)  Does  the  fact  that  each  of  the  three  car  companies  is  pursuing  different 
concept  vehicles  have  any  bearing  on  this  recommendation? 
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A2.       The  PNGV  committee  recommended  a  single  technical  director  for  USCAR  in 
both  of  its  reports.  During  the  preparation  of  the  second  report,  the  committee  was  aware 
of  the  decision  by  the  three  car  companies  to  develop  separate  concept  vehicles  and 
production  prototypes,  and  we  still  recommended  a  single  technical  director. 

Q3.       In  light  of  your  recommendation  to  establish  "a  management  structure  with 
appropriate  authority  and  responsibility."  and  the  fact  that  all  the  technical  issues  relevant 
to  Goals  2  and  3  of  the  PNGV  and  difficult  decisions  facing  the  partnership  at  the  1997 
milestone  fall  within  the  activities  of  DOE,  what  future  role  do  you  see  for  the  DOC 
management? 

A3.       I  assume  that  the  1 997  decisions  will  be  the  result  of  the  whole  government- 
industry  management  team  deliberating  and  expressing  their  various  views.  The  most 
important  decisions  will  be  made  by  the  three  car  companies,  because  they  will  be 
making  choices  on  which  they  will  be  investing  significant  levels  of  their  own  corporate 
resources.  In  that  regard,  none  of  the  government  personnel  involved  will  be  a  major 
decision  maker.  On  the  other  hand,  in  light  of  the  1997  decisions,  the  government 
managers  will  have  to  decide  which  projects  to  cut  back  or  eliminate  in  order  to  free  up 
the  funding  needed  to  more  vigorously  pursue  the  selected  technologies.  That  will  be  a 
difficult  task  in  light  of  the  various  pressures  to  continue  existing  projects. 
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Revised  10/31/96 


September  9,  1996 

To:       Ms.  Jennifer  Oisharoon,  Staff  Assistant 

Subcommittee  on  Energy  and  Environment 
Committee  on  Science 
B-374  Ray  bum  House  Office  Building 
Washington,  D.C.  20515 

From:  Daniel  Sperling,  Professor  and  Director 
Institute  of  Transportation  Studies 
University  of  California,  Davis 
Davis,  CA  95616 

RE:  Responses  to  questions  from  the  Subcommittee,  and  from  Congresswoman 
Jackson  Lee,  from  the  July  30  PNGV  hearing. 


QUESTIONS  FROM  THE  SUBCOMMITTEE  FOR  PROF.  DANIEL  SPERLING 

1.  There  seems  to  be  a  reluctance  by  the  PNGV  program  to  pursue  the  higher  risk 
technologies  such  as  fuel  cells  and  hydrogen-fueled  Auxiliary  Power  Units  (APUs), 
when  one  of  the  key  justifications  for  the  industry/government  partnership  is 
development  of  high-to-medium  risk  technologies.  Can  you  please  comment  on  that? 

The  PNGV  program  as  currently  structured  does  not  strongly  encourage,  and  may  soon 
be  discouraging,  investments  in  higher  risk  technologies  such  as  fiiel  cells.  The  root  of  this 
problem  is  the  required  1997  "downselect"  process  of  the  PNGV  program.  By 
downselecting  to  only  one  technology  (or  set  of  technologies)  in  such  a  short  time,  PNGV 
obliges  the  3  automakers  to  pick  those  technologies  that  are  less  risky  ~  those  more  likely 
to  be  successfully  deployed  in  a  prototype  in  2004.  The  companies  have  little  reason  to 
be  more  adventurous,  since  there  are  no  penalties  for  falling  short  of  the  80  mpg  goal. 
Possible  solutions  are:  i)  require  that  a  specified  %  of  automaker  matching  funds  and 
government  funds  be  spent  on  long  term  higher-risk  technologies;  ii)  delay  the 
"downselect"  date  a  year  or  two  to  allow  more  progress  on  advanced  technologies;  and  /or 
iii)  create  an  enforcement  mechanism  or  penalties  so  that  companies  have  more  motivation 
to  meet  the  80  mpg  goal. 
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2.  Do  you  believe  that  there  is  adequate  involvement  by  small  businesses  and 
universities  in  the  PNGV program?  Are  there  mechanisms  that  allow  such  involvement 
and  protection  of  innovative  concepts  proposed  by  small  companies  and  research 
universities?  If  not,  can  you  suggest  improvements? 

I  strongly  believe  that  there  is  not  enough  involvement  by  universities.  There  is  virtually 
no  opportunity  for  universities  to  get  involved  in  PNGV  activities,  nor  with  any  DOE 
advanced  vehicle  technology  R&D  programs,  unless  they  are  affiliated  with  the  3 
automakers.  The  National  Science  Foundation  provides  some  fimds  for  PNGV-type 
research,  but  the  programs  are  too  diffuse  and  small  to  be  effective  in  building  advanced 
vehicle  technology  research  programs  at  universities.  There  are  virtually  no  major 
university  research  programs  devoted  to  fuel  cells  and  other  advanced  technologies.  The 
result  is  that  universities  are  not  training  the  next  generation  of  automotive  engineers,  and 
regulators  and  policymakers  lack  a  means  to  assess  the  rate  of  progress  of  Big  3  R&D  and 
advanced  technology  commercialization  efforts. 

The  situation  with  small  businesses  is  different.  Many  small  businesses  are 
involved  in  PNGV,  but  virtually  always  through  an  affiliation  with  the  Big  3  and  their  key 
suppliers.  This  approach  has  strong  advantages  -  small  companies  develop  close 
relationships  with  the  customers  for  their  technology  —  but  it  also  means  that,  again, 
policymakers  and  regulators  lose  a  means  of  benchmarking  automaker  progress,  and  it  also 
means  that  the  tempo  of  commercialization  is  controlled  by  the  automakers. 

It  should  be  noted  here  that  concerns  about  the  tempo  of  commercialization  are 
somewhat  imique  to  the  PNGV  program.  Generally,  competition  between  companies  is 
sufficiently  intense  to  assure  that  innovation  will  be  stimulated  and  new  technologies  will 
be  rapidly  commercialized;  in  those  cases,  government  need  only  seed  long  term  basic 
research,  and  then  get  out  of  the  way  of  industry.  PNGV  is  unique  in  that  most  of  the 
benefits  of  the  technologies  are  "public  goods"  —  that  is,  the  benefits  accrue  to  the  nation 
as  a  whole,  and  not  directly  to  individual  consumers.  And  thus,  tempo  of 
commercialization  is  critical,  with  government  facing  the  special  challenge  of  directing 
companies  to  serve  the  public  interest,  even  though  it  may  not  be  in  their  immediate 
interests. 

3.  Are  the  goals  and  milestones  of  the  PNGV  reasonable?  If  not,  please  comment 

The  goals  and  milestones  of  PNGV  seem  reasonable,  though  the  downselection  date 
should  be  delayed,  or  a  parallel  program  implemented  to  support  the  more  advanced 
technologies. 
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4.  Do  you  believe  that  the  PNGV  organization  is  pursuing  all  potential  technologies  to 
achieve  the  best  solution  to  the  problem  posed  by  Goal  3? 

I  believe  that  PNGV  has  been  thorough  in  evaluating  the  menu  of  technologies  available. 
They  are  making  hard  judgments  about  which  technologies  are  most  promising.  It  may 
have  been  inappropriate  and  ill-advised  to  ignore  pure  battery-powered  electric  cars  — 
PNGV  did  so  by  creating  performance  criteria  that  can  not  be  met  by  pure  EVs  ~  but  the 
PNGV  program  is  using  technology  developed  for  pure  EVs  as  building  blocks  for  hybrid 
and  fuel  cell  vehicles. 

5.  DOE,  NRC  Review  and  many  others  seem  to  indicate  that  fuel  cells  as  a  power  plant 
for  automobiles  are  more  than  10  years  away.  Do  you  agree  or  disagree  with  that 
assessment,  and  what  do  you  see  as  the  role  of  government  in  such  long-term  research 
areas? 

Fuel  cells  provide  huge  promise  for  improved  ftiel  efficiency  and  reduced  air  pollution  and 
greenhouse  gas  emissions.  Dramatic  improvements  in  cost  and  performance  have  been 
made  in  the  past  few  years  with  fiiel  cells.  There  is  still  a  long  way  to  go.  It  is  impossible 
to  know  how  long  and  how  far  rapid  cost  and  performance  improvements  will  continue, 
but  there  appears  to  be  no  fundamental  engineering  or  scientific  reason  why  they  should 
not  continue.  Daimler  Benz  believes  that  fuel  cells  may  be  ready  for  commercialization  in 
10  years.  If  government  makes  certain  that  automakers  are  strongly  rewarded  for  selling 
cars  with  superior  environmental  performance,  and  consumers  for  buying  them,  then  the 
economics  and  competitiveness  of  fuel  cell  vehicles  are  greatly  enhanced.  The  potential 
benefits  are  so  great,  that  it  would  be  irresponsible  not  to  aggressively  pursue  fuel  cell 
technology.  Government  R&D  ftmding  levels  do  not  acknowledge  the  potential  economic 
and  environmental  potential  of  fuel  cells;  they  reflect  the  scientific  and  political  realities  of 
5  years  ago,  before  the  promise  of  fuel  cells  was  fully  appreciated. 

6.  Do  you  believe  that  the  PNGV  program  is  aggressively  addressing  the  technical  issues 
brought  on  by  its  Goal  3? 

No,  I  do  not  believe  that  PNGV  is  aggressively  addressing  the  technical  issues  brought  on 
by  its  goal  3.  See  my  responses  to  earlier  questions  for  elaboration. 
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QUESTIONS  FROM  CONGRESSWOMAN  JACKSON  LEE 

1.  The  structure  and  management  of  the  program  have  been  called  into  question  by 
some  people.  Can  you  give  me  recommendations  as  to  how  the  program  could  be 
restructured  on  the  government  or  industry  side  to  bring  about  better  or  more  efficient 
management? 

As  indicated  in  the  NRC  review,  PNGV  seems  to  have  little  or  no  ability  to  redeploy 
fimds  from  less  significant  to  more  important  technology  developments  in  response  to 
budget  reductions  or  following  technology  selection.  A  central  cause  of  this  problem 
seems  to  be  that  DOE,  which  provides  and  controls  over  95%  of  the  funds  for  Goal  3 
(tripled  fuel  economy)  and  virtually  all  the  technical  expertise  in  this  area,  does  not  have 
control  of  that  part  of  the  PNGV  program.  To  improve  efficiency,  it  would  be  sensible 
for  DOE  to  be  given  full  responsibility  for  Goal  3  activities. 

2.  When  do  you  see  the  technologies  being  developed  under  the  PNGV  program  coming 
into  wide  use  in  the  production  of  automobiles? 

Many  of  the  advanced  technologies  considered  under  the  PNGV  umbrella  are  akeady 
being  implemented  —  consider,  for  instance,  the  many  innovations  imbedded  in  GM's 
EVl  electric  car.  The  challenge  for  government  is  to  create  a  regulatory  and  policy 
environment  that  rewards  industry  for  selling  environmentally  superior  technology,  and 
customers  for  buying  them. 

3.  Can  you  tell  me  what  the  returns  are  that  we  can  expect  from  the  PNGV  program  in 
terms  of  reduced  oil  usage,  new  car  exports  and  environment  benefits? 

The  auto  industry  is  on  the  cusp  of  a  technological  revolution:  dramatic  improvements  are 
being  made  in  lightweight  materials,  energy  storage  and  conversion,  and  electronic  control 
and  information  management.  The  PNGV  program  is  highlighting  many  of  these 
technologies  and  bringing  them  to  public  attention.  With  appropriate  policies  and 
regulations,  oil  usage  and  environmental  impacts  could  be  drastically  reduced.  These 
benefits  will  take  time  to  be  realized  because  of  slow  vehicle  turnover  in  the  marketplace 
and  long  lead  times  in  retooling  factories,  but  the  longer  we  delay  in  initiating  the 
development  and  commercialization  of  these  advanced  technologies,  the  longer  it  will  be 
before  we  realize  the  benefits. 

The  more  immediate  impact  of  hybrid  and  fuel  cell  vehicles  is  likely  to  be  on 
balance  of  trade.  These  new  technologies  are  likely  to  be  attractive  to  many  other 
countries  ~  those  with  severe  air  pollution,  high  oil  import  bills,  and  entrepreneurial 
industrial  companies  that  want  to  expand  their  automotive  production  efforts.  US 
automakers  could  exploit  the  desire  in  these  various  countries  for  more  efficient  and 
environmentally  benign  technologies  (as  well  as  in  the  US),  or  could  passively  defer  to 
more  aggressive  foreign  companies.  By  allowing  other  countries  take  the  lead  they  forego 
opportunities  to  make  inroads  in  foreign  markets  and  risk  losing  market  share  in  the  US. 
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4.  Although  it's  early  yet,  at  this  point  in  the  program,  which  goals  do  you  see  in 
danger  of  the  program  not  meeting? 

Given  the  current  absence  of  incentives  for  achieving  80  mpg,  as  well  as  penalties  for  not 
achieving  it  (much  less  achieving  improvements  beyond  27.5  mpg),  and  given  the  stifling 
effect  of  the  1997  downselect  rule,  it  appears  highly  unlikely  that  the  80  mpg  goal  will  be 
achieved. 
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Hydrogen  Program  Manager 
Sandia  National  Laboratories 

United  States  House  of  Representatives 

Committee  on  Science 

Subcommittee  on  Energy  and  Environment 

Hearing  on 

Partnership  For  A  New  Generation  Of  Vehicles  (PNGV): 

Assessment  of  Program  Goals,  Activities,  and  Priorities 

July  30,  1996 


Introduction 

Mr.  Chairman  and  distinguished  members  of  the  subcommittee,  I  am  Jay  Keller,  hydrogen 
program  manager  at  Sandia  National  Laboratories.  Sandia  is  managed  and  operated  for  the 
Department  of  Energy  by  a  subsidiary  of  Lockheed  Martin  Corporation.  We  pjerform  scientific 
and  engineering  research  and  technology  development  in  support  of  DOE's  missions  in  nuclear 
weapons  and  arms  control,  energy,  environment,  and  the  basic  sciences. 

I  appreciate  this  opportunity  to  share  with  you  my  assessment  of  the  state  of  hydrogen  tech- 
nology development  and  how  hydrogen  might  play  a  role  in  the  Partnership  for  a  New  Genera- 
tion of  Vehicles  (PNGV)  program. 

The  Department  of  Energy  has  established  capabilities  at  Sandia  National  Laboratories  to 
address  complex  issues  in  hydrogen  utilization.  These  capabilities  include,  but  are  not  limited  to, 
hydrogen  storage  and  advanced  materials  expertise,  associated  with  the  nuclear  weapons  pro- 
gram for  over  40  years;  fundamental  combustion  expertise  at  the  Combustion  Research  Facility, 
a  DOE  user  facility  supported  by  the  office  of  Energy  Research  for  over  20  years;  and  intemal 
combustion  engine  expertise  developed  through  the  Office  of  Transportation  Technologies  over 
20  years.  I  manage  Sandia' s  hydrogen  program  and  coordinate  hydrogen  utilization  activities  for 
the  Department  of  Energy. 

Let  me  begin  by  explaining  the  motivation  for  developing  hydrogen  as  a  principal  energy 
carrier  generated  by  renewable  energy  sources.  I  will  then  discuss  how  a  combination  of  the 
activities  of  PNGV  and  those  of  the  national  hydrogen  program  provides  a  unique  opportunity  to 
demonstrate  hydrogen  as  a  future  transportation  fuel. 

Why  Hydrogen? 

There  are  two  motivating  reasons  for  developing  a  hydrogen  infrastructure:  1)  hydrogen  will 
be  a  key  fuel  in  future  sustainable  energy  systems  that  will  rely  on  renewable  energy  resources; 
2)  hydrogen  energy  systems  have  minimal  environmental  impacts.  Chronic  dependence  on 
foreign  oil  is  a  national  security  issue,  and  the  continued  combustion  of  hydrocarbon  fuels 
degrades  the  environment.  The  rapid  growth  of  emerging  industrial  economies  (most  notably 
China)  will  increase  pressure  on  our  finite,  fossil-derived  energy  resources  and  shorten  the  time 
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horizon  over  which  we  need  to  respond.  The  development  of  a  hydrogen  energy  infrastructure, 
with  the  long-term  goal  of  using  renewable  energy  sources  to  produce  hydrogen  domestically, 
addresses  these  issues. 

Technology  Options 

A  long-term,  stable  solution  to  our  energy  and  environmental  problem  requires  development 
of  a  global  energy  infrastructure  based  on  environmentally  benign  renewable  energy  sources. 
Energy  storage  and  distribution  are  key  infrastructural  requirements  to  implementing  this  solu- 
tion. Renewable  energy  sources  are  often  intermittent  and  are  more  plentiful  in  some  areas  than 
others  (for  example,  solar  energy  is  only  available  during  the  day).  Renewable  energy  requires  a 
means  for  both  energy  storage  and  transportation.  Hydrogen,  generated  from  renewable  sources, 
provides  an  ideal  medium  for  energy  storage  and  transportation.  When  combined  with  oxygen,  it 
forms  water  and  releases  energy.  Hydrogen  is  a  gas  at  normal  temperatures  and  pressures  and  can 
be  transported  in  much  the  same  way  as  natural  gas. 

Convertmg  the  energy  of  stored  hydrogen  into  useful  work  can  be  accomplished  by  many 
technologies.  The  most  attractive  long-term  technology  for  this  purpose  is  the  fuel  cell.  Fuel  cells 
combine  hydrogen  and  oxygen,  without  combustion,  to  produce  water  and  electricity.  Proton 
Exchange  Membrane  (PEM)  fuel  cells  are  devices  that  the  transportation  sector  finds  most 
attractive  for  many  reasons.  They  operate  at  modest  temperatures  with  potentially  very  high 
efficiencies  and  they  emit  only  water;  thus,  PEM  fuel  cells  satisfy  the  California  zero-emission 
requirement.  The  DOE  Office  of  Transportation  Technologies,  in  collaboration  with  automobile 
manufacturers  and  other  industries,  is  supporting  the  development  of  PEM  fuel  cells  for  use  in 
the  transportation  sector.  Two  foreign  companies  have  already  created  prototyj)e  vehicles 
powered  by  PEM  fuel  cells:  Mercedes  in  Germany  has  an  operational  minivan,  and  Ballard  in 
Canada  has  a  bus. 

Conventional  internal  combustion  engines  can  also  be  made  to  operate  on  hydrogen.  Mazda, 
Daimler-Benz,  and  most  notably  BMW  have  all  built  prototype  passenger  vehicles  demonstrat- 
ing the  feasibility  of  conventional  internal  combustion  engines  burning  hydrogen.  MAN,  a  major 
European  bus  manufacturer,  has  constructed  a  hydrogen -powered  bus  from  a  standard  production 
city  bus  with  an  internal  combustion  engine  designed  to  operate  on  either  hydrogen  or  gasoline. 
Both  the  hydrogen  and  gasoline  are  stored  in  liquid  form.  This  particular  bus  has  been  in  service 
since  April,  1996.  MAN  has  orders  for  100  hydrogen-fueled  buses  for  Norway  and  50  for 
Sweden. 

Most  recently,  BMW  displayed  two  of  the  latest  versions  of  their  hydrogen-powered  vehicles 
at  the  1 1th  World  Hydrogen  Conference  in  Stuttgart,  Germany  (June  21-29,  1996).  These  vehi- 
cles are  powered  by  spark-ignited  internal  combustion  engines  with  electronic  fuel  injectors 
designed  to  operate  on  hydrogen.  One  cannot  distinguish  this  engine  from  a  conventional  gaso- 
line fueled  engine  without  very  careful  inspection.  The  hydrogen  is  stored  as  liquid  in  a  tank 
immediately  behind  the  passenger  seat  in  the  trunk  of  the  vehicle,  leaving  plenty  of  trunk  space 
for  other  uses.  Sufficient  hydrogen  is  stored  to  provide  about  a  300  kilometer  range.  These  vehi- 
cles cannot  easily  be  distinguished  from  gasoline-powered  production  models  either  in  appear- 
ance or  performance.  (There  is  a  modest  power  loss  due  to  the  excess  combustion  air  needed  to 
reduce  nitric  oxide  emissions.)  Indeed,  the  fuel  metering  technology  works  for  gasoline  as  well 
as  hydrogen,  making  the  vehicle  dual-fueled.  The  fuel  type  can  be  changed  during  operation  by 
the  flick  of  a  switch. 
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Although  hydrogen  vehicles  have  been  demonstrated,  we  face  formidable  R&D  challenges  in 
implementing  large-scale  hydrogen-based  transportation  systems.  Specialized  materials  for  hy- 
drogen storage  must  be  developed  to  assure  adequate  vehicle  range.  Advanced  fuel  cells  and 
internal  combustion  engines  are  required  for  ultra-low  emission,  high-efficiency  vehicles.  Hy- 
drogen production  and  distribution  systems  must  be  designed  that  are  safe  and  cost-effective. 

A  Domestic  Opportunity 

PNGV  has  identified  three  research  goals:  1 )  design  and  manufacturing;  2)  near-term  im- 
provements; and  3)  long-term,  next-generation  vehicle.  Goal  3  parameters  are:  1)  a  six-passenger 
vehicle  (similar  to  Taurus,  Lumina,  or  Concorde);  2)  three-times  fuel  efficiency  or  about  80 
m.p.g.  equivalent  performance  on  the  combined  city^ighway,  unadjusted  federal  test  procedure; 
3)  performance  of  0  to  62  m.p.h.  in  12  seconds;  4)  operating  metro-highway  range  of  380  miles 
on  the  1994  federal  drive  cycle  and  operating  life  of  100,000  miles;  and  5)  equivalence  to  current 
vehicles  in  performance,  ride,  handling,  noise,  vibration,  and  so  forth.  Customer  features  include: 
interior  volume,  luggage  space,  climate  control,  etc.,  as  well  as  customer  purchase  price  and 
operating  economics. 

Goal  3  of  the  PNGV  program  provides  an  opportunity  to  combine  the  goals  of  the  hydrogen 
program  with  those  of  PNGV  to  introduce  hydrogen  as  a  transportation  fuel  of  the  future.  Hybrid 
vehicles  are  being  pursued  as  part  of  the  technology  mix  to  address  Goal  3.  All  hybrid  vehicles 
require  an  energy  conversion  device  to  convert  stored  chemical  energy  from  the  onboard  fuel  to 
usable  energy  to  power  the  vehicle.  These  devices  can  range  from  internal  combustion  engines 
powered  on  conventional  hydrocarbon  fuels  to  PEM  fuel  cells  powered  on  hydrogen.  All  of  these 
are  being  considered  by  the  PNGV  program. 

An  additional  technology  for  hydrogen  utilization  employs  a  hydrogen-fueled  internal 
combustion  engine  as  the  energy  conversion  device  in  a  PNGV-type  hybrid  vehicle.  This  vehicle 
can  be  constructed  today.  Our  efforts  in  the  hydrogen-fueled  internal  combustion  engine  program 
focus  on  this  opportunity.  In  this  design,  an  electrical  generator  is  combined  with  a  hydrogen 
engine  tuned  to  operate  at  maximum  efficiency  with  minimal  emissions.  With  continued  research 
and  development  we  anticipate  significant  improvements  over  the  current  state  of  the  art  in  both 
engine  emissions  and  efficiency  because  of  the  unique  combustion  characteristics  of  hydrogen. 
Current  laboratory  results  show  that  a  total  efficiency  of  40%  (hydrogen  in,  electricity  out)  may 
be  achievable.  This  efficiency  is  comparable  to  that  of  today's  PEM  fuel  cells.  Using  results 
obtained  from  our  laboratory  engine  and  assuming  conservative  hybrid  vehicle  performance,  we 
project  emission  levels  of  oxides  of  nitrogen  lower  than  the  equivalent  zero  emission  standard 
proposed  by  the  California  Air  Resources  Board  and  lower  than  those  demonstrated  by  BMW. 

Given  their  similar  goals  and  closely  related  technological  approaches,  the  hydrogen  and 
PNGV  programs  taken  together  provide  an  opportunity  to  begin  the  introduction  of  an  energy 
infrastructure  using  sustainable  energy  resources  with  hydrogen  as  the  energy  carrier.  Other 
countries  have  already  begun  to  position  themselves  for  the  move  to  a  hydrogen-based  energy 
economy.  Through  the  hydrogen  and  PNGV  programs,  the  United  States  has  an  opportunity  to 
establish  a  predominant  international  position  in  hydrogen-fueled  vehicle  technologies. 
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This  is  the  second  report  of  the  National  Research  Council's  Standing  Committee  to 
Review  the  Research  Program  of  the  Partnership  for  a  New  Generation  of  Vehicles  (PNGV). 
The  PNGV  program  is  a  cooperative  research  and  development  (R&D)  program  between  the 
federal  government  and  the  United  States  Council  for  Automotive  Research  (USCAR).  One  of 
the  aims  of  the  program,  referred  to  as  the  PNGV  Goal  3  objective,  is  to  develop  technologies 
for  a  new  generation  of  vehicles  that  could  achieve  fuel  economies  up  to  three  times  those  of 
comparable  1994  family  sedans.  At  the  same  time,  these  vehicles  should  maintain 
performance,  size,  utility,  and  cost  of  ownership  and  operation  and  should  meet  or  exceed 
federal  safety  and  emissions  requirements.  The  intent  of  the  program  is  to  develop  production 
prototype  vehicles  by  2004.  The  next  major  PNGV  milestone,  scheduled  for  1997,  is  selection 
of  the  most  promising  technologies.  The  committee's  major  tasks  were  to  examine  ongoing 
research  activities  in  the  PNGV  and  to  assess  the  relevance  of  that  research  and  its 
management  to  the  PNGV's  goals  and  schedule. 

Most  of  the  PNGV  research  to  date  has  focused  on  improving  drivetrain  efficiency, 
developing  improved  energy  storage  systems,  and  reducing  vehicle  mass  through  the  use  of 
lightweight  structural  materials.  In  the  committee's  view,  the  technologies  being  pursued  are 
relevant  and  appropriate  to  the  PNGV  objectives,  and  significant  achievements  have  been 
made.  Nonetheless,  formidable  technical  barriers  remain  to  meeting  the  program  goals  within 
the  PNGV  schedule.  Some  of  these  barriers  can  be  overcome  with  sufficient  resources;  others 
will  require  a  new  invention  or  a  major  technical  breakthrough. 

Three  primary  energy  converters  or  power  sources  are  being  actively  considered  for 
PNGV  Goal  3  vehicles;  namely,  direct-injection  compression-ignition  (DICI)  internal- 
combustion  engines,  fuel  cells,  and  gas  turbine  engines.  The  DICI  engine  shows  promise  of 
being  highly  efficient,  although  the  development  of  appropriate  catalysts  to  reduce  NO, 
exhaust  emissions  remains  a  significant  barrier.  The  committee  recommends  that  the  PNGV 
devote  substantial  additional  resources  to  the  DICI  hybrid  powertrain  in  view  of  its  relatively 
high  potential  to  meet  PNGV  Goal  3  objectives. 

From  the  standpoint  of  automotive  applications,  fuel  cells  offer  the  potential  for  high 
efficiency  and  low  emissions.  However,  fuel  cells  are  the  least  developed  option  under 
consideration  for  a  power  source,  and  they  present  the  most  barriers  to  a  commercially  viable 
system.  Despite  a  number  of  significant  PNGV  achievements  in  fuel-cell  technology,  fuel- 
related  barriers  remain.  Several  major  inventions  are  needed  for  the  successful  development  of 
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hydrogen  storage  systems  or  efficient,  compact  fuel  processors  for  hydrocarbon  fuels. 
Although  fuel  cells  have  outstanding  long-term  potential,  the  PNGV  may  find  it  necessary  to 
restructure  the  ftiel-cell  program,  extending  the  schedule  and  revising  funding  priorities, 
depending  on  progress  over  the  next  two  years. 

Gas  turbine  engines  have  many  potential  advantages  for  hybrid  vehicles,  including  very 
high  specific  power,  but  the  main  barriers  continue  to  be  the  difficulty  of  increasing  thermal 
efficiency  and  finding  satisfactory  materials  and  manufacmring  techniques  to  achieve  the 
necessary  performance  at  acceptable  cost.  The  research  challenges  for  gas  mrbine  engines  are 
very  demanding,  but  the  PNGV  has  made  some  progress.  In  the  committee's  view,  the  pace  of 
progress  over  the  next  two  years  will  be  a  critical  determinant  of  whether  the  gas  turbine 
engine  remains  a  viable  PNGV  option. 

Energy  storage  systems  recapture  otherwise  wasted  vehicle  kinetic  energy  and  reduce 
peak  load  requirements  for  the  main  propulsion  system,  thereby  increasing  operating 
efficiency.  Current  PNGV  support  is  concentrated  on  three  candidates— batteries,  flywheels, 
and  ultracapacitors.  Although  substantial  progress  has  been  made  in  virtually  all  areas  of 
battery  technology  critical  to  battery  hybrid  vehicles,  present  high-power  batteries  cannot 
simultaneously  satisfy  the  power  density,  energy  density,  and  cycle-life  requirements  for  the 
PNGV  energy-storage  subsystem.  Therefore,  a  combined  battery/ultracapacitor  subsystem  is 
imder  consideration.  The  performance  of  ultracapacitors  has  shown  significant  improvement  in 
laboratory  demonstrations,  with  increased  energy  and  power  densities,  but  major  barriers 
remain  with  respect  to  total  energy  storage  and  cost.  The  cost  of  power  electronics  is  a  barrier 
to  the  integration  of  all  power  components,  including  batteries,  ultracapacitors,  and  flywheels. 
R&D  on  flywheels  has  resulted  in  significant  performance  improvements;  but  cost  remains  a 
barrier,  and  safety  concerns  need  to  be  addressed. 

Goal  3  vehicles  will  make  significant  use  of  lightweight  strucmral  materials.  Notable 
PNGV  achievements  in  this  area  include  the  demonstration  of  high-volume  fabrication 
processes  for  steel  and  aluminum.  The  committee  recommends  that  USCAR  continue  to  pursue 
these  very  promising  developments  in  steel  and  aluminimi  materials  made  by  materials 
suppliers  and  trade  associations.  Despite  some  progress,  the  composites  program  is  lagging 
with  no  clearly  scheduled  activities  that  would  enable  this  class  of  materials  to  be  viable 
alternatives  to  steel  and  aluminum  by  1997. 

An  approximate  assessment  of  the  broad  potential  for  major  PNGV  candidate 
subsystems  is  presented  in  table  H-1.  The  committee  made  a  distinction  between  systems  for 
which  technical  breakthroughs  are  needed  to  meet  PNGV  targets  and  those  for  which 
incremental  development  with  adequate  resources  (funding  and  staff)  is  likely  to  lead  to  the 
necessary  progress.  The  committee  has  identified  the  most  critical  barriers  to  meeting  PNGV 
performance  requirements,  as  well  as  the  approximate  cost  and  the  likelihood  of  meeting 
PNGV  schedules.  These  three  factors  have  been  used  to  derive  a  first  approximation  of  the 
overall  potential  regardless  of  the  PNGV  schedule  and  to  further  highlight  program  priorities. 
The  committee  recommends  that  the  PNGV  perform  appropriate  evaluations  to  ensure  that  its 
program  resources  and  focus  are,  in  general,  consistent  with  the  "basic  needs"  column  of  table 
H-1.  If  necessary,  program  funding  should  be  reallocated  to  encourage  developments. 
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TABLE  H-1  Potential  of  PNGV  Candidate  Technologies 


Likelihood  of 

Overall  Potential 

Major 
Subsystems 

Critical  Techiucal 
Barriers 

Cost- 

Meetmg 
Schedule" 

Regardless  of 
Schedule' 

Basic  Needs 

Hybrid  Drivetram  Power  Sources 

DICI 

NO,  catalyst 

Low 

High 

High 

Resources 

Fuel  ceU 

Fuel  processor/ 
reformer 
Fuel  storage 

High 

Low 

Medium 

Breakthroughs 

Turbine 

Structural  ceramics 
Exhaust  beat  recovery 

High 

Low 

Medium 

Breakthroughs 

Energy  Storage 

Battery 

High  cycle  life 

Medium 

Medium 

Medium 

Resources, 
focused  R&D 

Ultracapacitor 

Efficiency 

Self-discharge 

Safety 

Medium 

Medium 

Medium 

Breakthroughs, 
resources 

Battery/  Integration 

ultracapacitor  Safety 


Flywheel 


Safety 


Medium       Medium 


High 


Medium 


High 


Medium 


Breakthroughs, 
resources 

Resources, 
focused  R&D 


Power 
electronics 


Efficiency 


High 


High 


High 


Resources 


Lighrweight  Structural  Materials 


Composite 


High-volume 
manufacture 
Crashworthiness 


High 


Low 


Medium 


Resources, 
focused  R&D 


Aluimnum 


Steel 


High-volume 
manufacture 
Joimng 

Weight 


Medium       High 


Low 


Medium 


High 


Medium 


Focused  R&D 


Focused  R&D 


High  cost  is  a  barrier,  as  is  low  likelihood  of  meetmg  the  PNGV  schedule. 
'  Long-term  potential  beyond  2004. 


227 


4  Review  ofihe  Research  Program  of  the  PNGV— Second  Report 

In  addition  to  the  Goal  3  objective,  the  PNGV  program  also  aims  to  significantly 
improve  national  competitiveness  in  manufacturing  (Goal  1)  and  implement  commercially 
viable  innovation  from  ongoing  research  on  conventional  vehicles  (Goal  2).  The  committee 
observed  that  progress  has  been  made  towards  Goals  1  and  2  since  the  first  NRC  review  in 
August  1994. 

Despite  significant  improvements  in  program  organization  in  the  past  year  and  the 
resulting  technical  achievements,  the  committee  concluded  that  the  USCAR  members  are  not 
using  the  leverage  of  an  integrated  industry  organization  in  pursuit  of  PNGV  goals.  The 
committee  continues  to  believe  strongly  that  the  industry  parmers  would  be  well  served  by 
having  a  single  technical  program  director  in  USCAR  to  drive  and  coordinate  the  program. 
The  committee  also  noted  that  the  government  lacks  an  effective  program  management 
organization,  with  little  or  no  ability  to  redeploy  funds  from  less  significant  to  more  important 
technology  developments  in  response  to  budget  reductions  or  following  technology  selection. 
The  committee  considers  strong  program  management  on  the  government  side  to  be  essential 
to  the  success  of  the  program,  given  the  large  number  of  government  participants. 

Systems  analysis  in  the  PNGV  program  is  critical  to  the  successful  development  of 
components,  systems,  and  overall  vehicle  design.  However,  very  little  has  been  accomplished 
in  this  area  because  of  a  lack  of  funding  and  a  resulting  12-  to  18-month  delay  in  initiating  the 
systems  analysis  activity.  The  committee  concluded  that  the  PNGV  does  not  currently  have  the 
necessary  systems  analysis  tools  to  adequately  support  the  technology  selection  scheduled  for 
1997.  This  deficiency  constimtes  a  barrier  to  meeting  the  PNGV  program  goals  in  a  timely 
manner.  A  further  concern  is  that  contributions  from  the  National  Aeronautics  and  Space 
Administration  for  the  systems  analysis  work  are  uncertain  beyond  fiscal  year  1996.  The 
committee  was  also  concerned  that  the  U.S.  Department  of  Transportation  is  not  playing  an 
active  role  in  addressing  and  resolving  PNGV  transportation  policy  and  safety  issues  and  that 
the  U.S.  Environmental  Protection  Agency  does  not  appear  to  be  addressing  the  question  of 
emissions  standards  for  new  PNGV  technologies.  The  U.S.  Department  of  Defense  also  needs 
to  be  more  supportive  and  involved  in  the  PNGV  research  program. 

To  be  successful,  a  complex  development  program  such  as  the  PNGV  must  have  well- 
defined  plans  and  objectives,  adequate  resources,  and  sufficient  funding  support.  Although 
significant  progress  has  been  made,  in  the  committee's  view,  it  is  incumbent  upon  both 
USCAR  and  the  government  to  ensure  that  adequate  resources  for  the  PNGV  program  are 
provided  in  a  timely  manner  and  used  efficiently  in  overcoming  the  critical  barriers  to 
achieving  PNGV  goals. 
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Summary 

INTRODUCTION 

This  is  the  second  report  of  the  National  Research  Council's  (NRC)  Standing 
Committee  to  Review  the  Research  Program  of  the  Partnership  for  a  New  Generation  of 
Vehicles  (PNGV).  The  committee  was  established  in  July  1994  to  conduct  independent  reviews 
of  the  PNGV's  research  program.  To  date,  two  reviews  have  been  undertaken  at  the  request  of 
the  U.S.  Department  of  Commerce  (DOC).  The  PNGV  program  is  a  cooperative  research  and 
development  program  between  the  federal  government  and  the  United  States  Coimcil  for 
Automotive  Research  (USCAR),  which  comprises  Chrysler  Corporation,  Ford  Motor 
Company,  and  General  Motors  Corporation.  The  decade-long  program,  which  was  initiated  on 
September  29,  1993,  by  President  Clinton,  has  three  major  goals: 

1.  Significantly  improve  national  competitiveness  in  manufacturing. 

2.  Implement  commercially  viable  innovation  from  ongoing  research  on  conventional 
vehicles. 

3.  Develop  a  vehicle  to  achieve  up  to  three  times  the  fuel  efficiency  of  today's 
comparable  vehicles,  while  maintaining  or  improving  current  levels  of 
performance,  size,  utility,  and  total  cost  of  ownership  and  while  meeting  or 
exceeding  federal  safety  and  emissions  requirements. 

For  this  second  review,  the  committee  was  charged  with  performing  the  following 
tasks: 

•  Assess  the  progress  of  the  PNGV  program  since  August  1994  and  the  PNGV 
response  to  recommendations  of  the  first  NRC  review. 

•  Examine  ongoing  research  activities  in  the  PNGV. 

•  Assess  the  relevance  of  that  ongoing  research  and  its  management  to  the  PNGV's 
goals  and  schedule. 

•  Prepare  a  second  peer  review  report. 
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In  fulfilling  the  assigned  tasks,  the  committee  took  as  given  the  vision,  goals,  and  schedules 
for  the  PNGV  program  that  were  articulated  by  the  President  and  agreed  to  by  USCAR  in 
September  1993.  The  committee  also  operated  under  the  premise  that  the  program  would  be 
seriously  supported  and  pursued  by  the  government  and  industry  panners.  Given  the  lack  of 
quantitative  objectives  for  Goals  1  and  2,  as  well  as  the  time  constraints  on  conducting  the 
second  peer  review,  the  committee  chose  to  focus  on  activities  relating  to  Goal  3.  The  current 
absence  of  quantitative  objectives  for  Goals  1  and  2  complicates  any  assessment  of  progress 
toward  these  goals. 

This  report  is  based  on  presentations  made  to  the  committee  by  the  PNGV  (i.e.,  by 
representatives  of  industry  and  the  government,  including  the  national  laboratories)  on  August 
27-31,  1995.  in  Dearborn,  Michigan,  and  on  October  30-31,  1995,  in  Washington,  D.C. 
These  presentations  were  supplemented  by  committee  member  site  visits  to  the  engineering 
development  facilities  of  the  USCAR  partners  (see  appendix  B).  Some  of  the  material  was 
presented  to  the  committee  as  USCAR  proprietary  information  under  an  agreement  signed  by 
the  National  Academy  of  Sciences;  USCAR;  and  the  U.S.  government,  represented  by  DOC. 
At  the  meeting  in  Washington,  D.C,  on  October  30-31,  1995,  the  committee  also  received 
briefings  from  U.S.  and  overseas  organizations  outside  the  present  PNGV.  The  information 
presented  allowed  the  committee  to  assess  the  status  of  various  PNGV  technology 
developments  from  a  broad,  international  perspective. 

The  PNGV  concept  is  to  bring  together  the  extensive  research  and  development 
resources  of  the  federal  establishment,  including  its  national  laboratories  and  network  of 
university-based  research  institutions,  and  the  vehicle  design,  manufacturing,  and  marketing 
capabilities  of  both  the  USCAR  partners  and  suppliers  to  the  automotive  industry.  Govenunent 
funding  for  the  PNGV  will  prunarily  be  used  for  technology  developments  that  involve  high 
risk  (Goal  3  and  beyond).  USCAR  funding  will  be  used  mainly  to  develop  technologies  with 
clear,  near-term  market  potential  (Goals  1  and  2). 

The  PNGV  program  was  launched  just  over  two  years  ago,  in  September  1993.  The 
first  major  program  milestone  is  scheduled  for  1997,  when  the  PNGV  must  select  technologies 
for  the  concept  vehicles  that  will  be  designed,  developed,  and  fabricated  by  2000.  The 
technical  challenges  are  daunting,  and,  as  discussed  herein,  inventions  and  breakthroughs  are 
needed  before  certain  technologies  can  be  considered  as  viable  options  for  selection  in  1997. 
At  present  the  PNGV  is  diligently  pursumg  research  and  development  (R&D)  programs 
focused  on  specified  technical  targets;  however,  major  breakthroughs  and  inventions  are 
difficult  to  anticipate.  For  this  reason,  the  committee  has  not  explicitly  called  for  the  PNGV  to 
separate  likely  technologies  into  "winners  and  losers"  at  this  time.  The  committee  concluded 
that  classifying  technologies  in  this  way  would  be  premamre  prior  to  1997,  when  ongoing 
research  that  provides  data  for  technology  selection  has  been  completed. 

The  committee's  major  recommendations,  including  its  position  on  the  PNGV  response 
to  the  Phase  1  repon,  are  presented  in  this  chapter.  Additional  recommendations  are  also  given 
in  individual  chapters  of  the  report. 
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PNGV  RESPONSE  TO  THE  PHASE  1  REPORT 

In  its  earlier  report,  issued  after  the  first  review  of  the  PNGV  research  program,  the 
committee  offered  a  number  of  recommendations  for  the  PNGV's  consideration  (NRC,  1994). 
These  recommendations  are  provided  in  appendix  C.  Progress,  changes  in  the  original 
program,  and  material  presented  to  the  committee  during  the  current  review  indicate  that  the 
PNGV  has  resolved  many  of  the  issues  raised  in  the  Phase  1  report.  These  issues  include: 

•  development  of  a  technology  strategy,  as  outlined  in  the  PNGV  Technical 
Roadmap  (PNGV,  1995)— a  document  that  is  still  evolving  and  is  subject  to 
revisions 

•  involvement  of  suppliers,  notably  in  the  development  of  improved  materials 
and  manufacturing  processes 

•  preliminary  benchmarking  of  technology  developments  abroad 

•  enhancement  of  public  outreach,  primarily  through  a  media  education 
program  and  the  PNGV  home  page  on  the  World  Wide  Web 

However,  the  PNGV  has  yet  to  address  other  important  issues  in  a  substantive  way. 
Outstanding  items  of  particular  concern  to  the  committee  are  the  following: 

•  the  need  for  a  USCAR-PNGV  technical  director 

•  the  need  for  more  support  and  involvement  in  the  PNGV  research  program 
by  the  U.S.  Department  of  Transportation  (DOT),  the  U.S.  Department  of 
Defense  (DOD),  and  the  National  Aeronautics  and  Space  Administration 
(NASA) 

•  the  need  to  analyze  technologies  in  current  and  post-PNGV  categories'  and 
to  consider  appropriate  plans  and  schedules  for  further  development 


GOALS  1  AND  2 

As  stated  previously,  the  committee  chose  to  focus  on  activities  relating  to  Goal  3. 
However,  information  provided  to  the  committee  on  research  relating  to  Goals  1  and  2 
indicates  that  progress  has  been  made  in  these  areas,  notably  under  USCAR  consortia 
(appendix  D)  and  Cooperative  Research  and  Development  Agreements  (CRADAs)  with  the 
national  laboratories.  This  progress  in  manufacmring  processes  is  extremely  important,  and  its 
continuation  may  be  a  major  factor  in  determining  the  viability  of  several  Goal  3  technologies. 
In  general,  achievements  in  the  Goal  I  and  Goal  2  programs  will  form  an  important  base  on 
which  to  build  and  against  which  to  compare  Goal  3  technologies. 


Current  PNGV  technologies  would  include  all  technologies  that  have  a  high  probability  of  demonstratmg  PNGV 
system  applicability  and  performance  by  1997.  Post-PNGV  technologies  would  have  a  high  probability  of  meeting 
PNGV  goals  but  not  within  the  current  time  frame  (NRC,  1994). 
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MAJOR  TECHNICAL  BARRIERS  A>fD  ACHIEVEMENTS 

From  the  outset  of  the  PNGV  program  it  was  widely  accepted  that  achieving  the 
challenging  fuel  economy  target  of  Goal  3  would  require  implementation  of  new  concepts  and 
technologies,  some  of  which  are  revolutionary  relative  to  the  level  of  technology  in 
conventional  vehicles  (PNGV,  1995).  Two  recent  reports  on  automotive  fuel  economy  also 
highlight  the  limitations  of  current  automotive  technologies  and  indicate  that  new  concepts  and 
technologies  will  be  required  to  meet  demanding  fuel  economy  targets  (OTA,  1991;  NRC, 
1992).  Preliminary  studies  by  PNGV  provided  an  overview  of  the  performance  improvements 
necessary  in  major  vehicle  systems  to  obtain  the  80-mpg  equivalent  fuel  economy;  tradeoffs 
were  identified  between  increasing  drivetrain  efficiency,  reducing  vehicle  mass,  and  increasing 
storage  of  deceleration  energy,  along  with  projected  improvements  in  aerodynamics,  rolling 
resistance,  and  accessory  power  requirements.  Although  the  PNGV  has  performed  only  limited 
systems  analysis  of  fiiUy  integrated  vehicle  options,  several  conceptual  vehicle  configurations 
were  identified  that  may  have  the  potential  to  meet  Goal  3  basic  vehicle  performance 
requirements.  It  appears  that  the  leading  contenders  will  be  various  hybrid  electric  vehicles. 

Most  of  the  technical  efforts  to  date  have  focused  on  improving  drivetrain  efficiency, 
developing  improved  energy-storage  systems,  and  reducing  vehicle  mass  through  the  use  of 
lightweight  structural  materials.  A  number  of  significant  achievements  have  been  made, 
although  there  are  still  formidable  barriers  to  meeting  the  program  goals  within  the  PNGV 
schedule.  These  barriers  are  reflected  in  the  PNGV  assessment  of  the  stams  of  R&D  aimed  at 
meeting  Goal  3  technical  targets.  Fundamental  technical  barriers  and  deficiences  in  resources 
were  also  clearly  identified  by  Sloane  (1995). 

The  next  major  PNGV  milestone  is  narrowing  the  focus  of  the  program  in  1997  by 
selecting  the  most  promising  technologies.  In  the  light  of  recent  technical  progress  (see  below) 
and  the  fact  that  only  two  years  of  the  ten-year  program  have  elapsed,  the  committee  considers 
it  extremely  important  that  the  PNGV  be  given  the  opportunity,  and  flexibility  in  its  research 
agenda  over  the  next  two  years,  to  pursue  appropriate  developments  that  could  lead  to 
breakthroughs  essential  for  making  informed  decisions  in  1997.  However,  in  assessing  the 
relevance  of  ongoing  research  to  the  PNGV  program  goals  and  schedule,  the  committee 
identified  a  number  of  technical  barriers  that  may  affect  the  1997  selection  process.  The 
committee  made  a  distinction  between  technical  barriers  that  can  be  overcome  with  sufficient 
resources  and  technical  barriers  that  can  only  be  overcome  with  a  new  invention  or  a  major 
technical  breakthrough.  Both  types  of  barrier  exist  in  the  PNGV  program.  The  former  type 
can  probably  be  overcome  through  the  allocation  of  sufficient  resources  and  management 
attention;  however,  the  latter  type  of  barrier  requires  inventions  or  breakthroughs,  and  barriers 
of  this  type  create  a  much  higher  risk  that  performance  objectives  will  not  be  met  or  completed 
within  the  PNGV's  schedule. 

The  committee  observed  that,  given  the  limitations  on  existing  resources,  the 
technology  program  must  be  more  focused  if  PNGV  performance,  cost,  and  schedule 
objectives  are  to  be  met.  The  committee  recommends  that  program  funding  be  reassessed  and 
reallocated  in  a  way  consistent  with  encouraging  development  breakthroughs  but  without 
terminating  any  of  the  technology  development  programs  prior  to  the  scheduled  1997  selection 
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process.  The  following  comments  are  intended  to  provide  guidance  for  the  PNGV  in  activities 
leading  to  a  successful  technology  selection  m  1997. 


Drivetrain  Power  Sources 

Three  primary  energy  converters  or  power  sources  are  actively  being  considered  for 
PNGV  Goal  3  vehicles:  direct-injection,  compression-ignition  (DICI)  internal-combustion 
engines;  gas  turbine  engines;'  and  fuel  cells.  All  of  these  will  operate  as  hybrids.  The  further 
development  of  spark-ignited  internal-combustion  engines  is  being  pursued  as  part  of  Goal  2. 


Direct-Injection,  Compression-Ignition  Engines 

The  DICI  engine  shows  promise  of  being  highly  efficient  and  is  arguably  the 
frontrunner  of  the  power-source  candidates  at  this  time.  Two  points  are  noteworthy  in  this 
regard: 

1.  The  DICI  engine  being  considered  is  very  different  from  traditional 
passenger  car  diesels  and  faces  many  significant  technical  challenges.  The 
DICI  engine,  operating  in  a  hybrid  configuration,  is  currently  the  most 
promising  candidate  for  fulfilling  the  PNGV  goals  within  the  specified 
schedule. 

2.  Commercialization  of  an  advanced  DICI  engine  will  be  highly  dependent  on 
the  ultimate  exhaust  emission  standards  that  are  promulgated.  If  the 
standards  become  more  stringent  than  those  for  the  current  ultra  low 
emission  vehicle,  DICI  engines  could  be  eliminated  from  the  marketplace. 

It  is  the  committee's  understanding  that  little  or  no  significant  research  is  being 
performed  on  DICI  automotive  engines  in  the  United  States,  except  for  investigations  of  lean- 
bum  NO,  reduction  and  fuel  reformulation.  In  contrast,  in  Europe  and  Asia,  where  automotive 
DICI  engines  using  diesel  fuel  are  more  widespread  and  more  highly  developed,  continuing 
efforts  are  underway  to  further  improve  DICI  engine  technology.  Some  of  this  work  is  being 
performed  by  the  European  units  of  U.S.  car  companies.  The  committee  concludes  that 
substantial  resources  should  be  applied  immediately  to  DICI  development  to  redress  an 
imbalance  in  the  PNGV  program  in  accordance  with  current  projections  of  technology 
potential. 

There  have  been  significant  achievements  in  combining  industry  and  government 
laboratory  effons  to  develop  commercially  viable  advanced  catalytic  conveners,  notably  the 
Engme  Suppon  System  Technology  program  within  the  USCAR  Low  Emission  Partnership. 


Gas  turbine  does  noi  refer  to  the  type  of  fuel  but  rather  to  the  type  of  power  plant,  as  opposed  to  "steam" 
turbine  or  "cold  air"  turbine. 
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While  substantial  reductions  in  NO,  exhaust  emissions  have  been  achieved  in  the  steady-state, 
the  development  of  an  acceptable  lean  NO,  catalyst  for  DICI  engines  remains  a  significant 
barrier.  Given  the  progress  made  in  this  area  in  the  past  two  years  and  the  extremely  high 
value  of  lean  NO,  catalysts,  the  committee  believes  an  aggressive,  PNGV-funded,  DICI 
exhaust  emission  control  program,  potentially  capable  of  overcoming  this  barrier,  should  be 
initiated. 


Fuel  Cells 

From  the  standpoint  of  automotive  applications,  ftiei  cells  are  the  least  developed 
option  under  comideration  for  a  power  source.  Not  surprisingly,  therefore,  ftiel  cells  present 
the  most  barriers  to  a  commercially  viable  system.  There  have  been  a  number  of  significant 
PNGV  achievements  in  fuel  cell  technology,  including  recent  rapid  improvements  in  stack 
design  for  optimizing  thermal,  water,  and  fuel  management  and  substantial  progress  in 
improving  membrane  performance.  Projected  costs  have  also  been  reduced.  Stack  power 
density  has  been  doubled  to  about  1.0  kW/1  (the  PNGV  1997  technical  target);  potentially 
low-cost  bipolar  plates  have  been  successfully  built  and  tested;  and  a  prototype  methanol 
reformer  has  been  successfully  demonstrated  for  a  10  kW  proton  exchange  membrane  (PEM) 
system. 

Despite  this  progress,  fuel-related  barriers  remain.  There  is  as  yet  no  satisfactory 
method  of  storing  sufficient  quantities  of  hydrogen  for  hydrogen-powered  vehicles  onboard, 
and  reformers  do  not  meet  acceptable  cost,  size,  and  performance  requirements  for  storing 
hydrocarbon  fuels  in  hydrocarbon-powered  fuel  cell  vehicles.  Other  barriers  include  the 
development  of  components  for  ancillary  systems  (e.g.,  air  conditioning,  power  steering,  etc.) 
with  improved  performance  and  reduced  size  and  weight,  further  cost  reductions  in  all  areas, 
and  a  reduction  in  startup  time. 

Some  barriers  can  probably  be  overcome  with  increased,  focused  R&D.  However, 
several  major  inventions  are  needed  for  the  successful  development  of  hydrogen  storage 
systems  and  efficient,  compact  fuel  processors  for  hydrocarbon  fuels.  Order-of-magnitude  cost 
reductions  are  also  unlikely  without  significant  breakthroughs.  These  observations  are 
consistent  with  recent  estimates  suggesting  that  a  fuel  cell  drivetrain  will  require  10  to  15 
years  of  development  before  it  can  be  mass  produced  efficiently  and  within  the  needed  cost 
range  (Klaiber,  1995).  In  keeping  with  the  outstanding  long-term  potential  of  fuel  cell 
technology,  the  committee  strongly  supports  the  continued  development  of  automotive  fuel 
cells.  Depending  on  progress  over  the  next  two  years,  the  PNGV  may  find  it  necessary  to 
restructure  the  fuel  cell  program,  extending  the  schedule  and  revising  funding  priorities. 
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Gas  Turbine  Engines 

Gas  turbine  engines  have  many  potential  advantages  for  hybrid  vehicles;  notably,  very 
high  specific  power,  minimal  vibration,  no  cooling  system  other  than  for  oil,  and  the  ability  to 
operate  on  a  wide  variety  of  fuels.  The  main  barriers  continue  to  be  lowering  the  costs  to 
acceptable  levels  and  increasing  thermal  efficiency. 

The  thermal  efficiency  gains  needed  to  meet  PNGV  goals  depend  on  developments  in 
three  technical  areas:  raising  turbine  inlet  temperatures;  recovering  a  significant  amount  of 
waste  heat;  and  increasing  component  efficiencies.  Raising  mrbine  inlet  temperatures  requires 
appropriate  high-temperamre  materials.  In  this  context,  the  successful  1,000-hr  rig  test  of 
ceramic  vanes  and  rotor  blades  represents  a  major  PNGV  achievement.  However,  the 
development  of  a  low-cost,  robust  manufacturing  technique  capable  of  producing  structural 
ceramic  components  with  the  necessary  strength,  toughness,  and  durability  remains  a  major 
challenge.  Further,  there  are  problems  with  the  aerodynamic  design  and  manufacmre  of  small, 
high-efficiency  compressors  and  turbines,  especially  when  using  ceramic  materials.  Significant 
progress  has  been  made  in  developing  heat  recovery  systems,  but  barriers  remain  to  reducing 
the  size,  weight,  and  cost  of  the  heat  exchangers,  as  well  as  to  developing  desirable  seal 
materials. 

Advances  have  been  made  in  system  defmition,  including  the  completion  of  turbo- 
alternator  designs.  Barriers  that  need  to  be  addressed  include  further  reducing  NO,  levels, 
developing  more  efficient  high-speed  generator/alternators,  reducing  packaging  volmne,  and 
significantly  reducing  costs. 

The  research  challenges  for  gas  mrbines  are  very  demanding,  but  the  PNGV  has  made 
some  progress  in  each  area  of  development.  In  the  committee's  view,  the  pace  of  progress 
over  the  next  two  years  will  be  a  critical  determinant  of  whether  the  gas  turbine  engine 
remains  a  viable  PNGV  option. 


Energy  Storage 

Energy-storage  systems  capable  of  high-rate  charge  and  discharge  are  fundamental  to 
hybrid  electric  vehicles.  They  recapture  otherwise  wasted  vehicle  kinetic  energy  and  reduce 
peak  load  requirements  for  the  main  propulsion  system;  thus,  operating  efficiency  is  increased. 
Current  PNGV  support  is  concentrated  on  three  energy-storage  systems— batteries,  flywheels, 
and  ultracapacitors. 

Battery  technologies  being  investigated  include  lead-acid,  nickel-cadmium,  nickel-metal 
hydride,  lithium-ion,  lithium-polymer,  sodium-sulfur,  and  zinc-air.  The  two  lithium  cells  offer 
promise  in  terms  of  both  energy  and  power  density  and  low  material  costs.  However,  there  are 
barriers  to  be  overcome  in  developing  cost-effective  manufacturing  processes;  achieving  high 
cycle  life,  which  is  dependent  on  stable  electrode  morphology;  and  producing  the  very  thin, 
large-area  plates  needed  for  high  power  output.  Barriers  to  the  use  of  nickel-cadmium  and 
nickel-metal  hydride  batteries  include  high  costs. 
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Substantial  progress  has  been  made  in  virtually  all  areas  of  battery  technology  critical 
to  battery-hybrid  vehicles.  However,  at  present,  the  high-power  battery  technologies  under 
consideration  cannot  simultaneously  satisfy  the  power-density,  energy-density,  and  cycle-life 
requirements  for  the  PNGV  energy-storage  subsystem,  and  a  combined  battery/ultracapacitor 
subsystem  is  under  consideration  (PNGV,  1995).  The  performance  of  ultracapacitors  has 
shown  significant  improvement  in  laboratory  demonstrations,  with  energy  and  power  densities 
up  to  10  Wh/kg  and  2  kW/kg,  respectively;  greater  than  90  percent  mmaround  efficiency;  and 
greater  than  100,000  cycles.  Major  barriers  remain  with  respect  to  total  energy  storage,  which 
is  currently  limited  to  less  than  about  2  kWh,  and  costs,  which  must  be  reduced  by  about  two 
orders  of  magnitude  to  meet  PNGV  requirements.  There  are  other  cost  issues  associated  with 
integrating  batteries  and  ultracapacitors;  notably,  the  need  for  expensive  power  electronics. 
For  ultracapacitors,  there  are  also  barriers  to  be  overcome  with  respect  to  self-discharge  rates 
and,  possibly,  safety,  in  the  case  of  non-uniform  cell  discharge. 

R&D  on  flywheels  has  resulted  in  significant  improvements  in  energy  density, 
reductions  in  self-discharge,  and  limited  demonstration  of  containment  in  compact  structures 
following  catastrophic  failure  (rotor  burst).  Major  barriers  remain  in  the  areas  of  cost  and 
safety.  The  price  of  the  materials  must  be  reduced  by  approximately  one  order  of  magnitude, 
and  satisfactory  mass  manufacturing  techniques  must  be  developed  before  the  flywheel  system 
can  be  cost  competitive.  With  respect  to  safety,  it  is  not  clear  that  a  satisfactory  solution  has 
been  found  to  the  problem  of  burst  containment.  It  may  be  that  avoidance  of  catastrophic 
burst— rather  than  burst  containment— is  necessary  for  industry  and  public  acceptance.  Other, 
less  formidable  barriers  include  electrical  mmaround  efficiency,  the  high-cost  of  interface 
power  electronics,  determination  of  possible  gyroscopic  effects  from  shock  loading,  and 
development  of  a  companion  high-speed,  high-efficiency  motor/generator. 


Lightweight  Structural  Materials 

Meeting  Goal  3  objectives  depends  on  major  improvements  in  both  drivetrain  efficiency 
and  reduced  vehicle  mass.  Goal  3  can  only  be  achieved  with  significant  use  of  lightweight 
structural  materials.  Important  achievements  have  been  made  in  identifying  and  prioritizing 
developments  in  materials  technology,  organizing  investigation  teams,  and  effectively 
communicating  the  PNGV  requirements  to  the  materials  supplier  community. 

Advances  in  the  development  of  lightweight  structural  materials  have  resulted  in 
notable  technical  achievements  applicable  to  meeting  all  three  PNGV  goals.  Topics 
investigated  by  the  PNGV  included  more  efficient  use  of  steel,  primarily  through  improved 
manufacturing  processes;  the  extensive  use  of  alimiinum  for  body  structure,  with  emphasis  on 
low-cost  fabrication  methods;  and  the  extensive  use  of  polymer-based  composites  for  body 
closures  and  strucmres. 

PNGV  achievements  of  note  include  the  demonstration  of  a  high-volume,  structural 
resin-injection-molding  composite  process  for  underbody  crossmembers;  the  fabrication  of  slab 
and  belt  cast  aluminum  sheets  in  automotive  alloys;  and  the  demonstration  of  significant 
progress  in  resolving  forming,  joining,  and  painting  issues  for  new,  high-volume  applications 
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Of  aluminum  closure  panels.  The  PNGV  has  also  been  able  to  exert  its  substantial  leverage  to 
siunulate  investmenc  in  research  and  development  by  materials  suppliers  in  the  United  States 
without  recourse  to  government  funding. 

Major  barriers  for  the  development  of  lightweight,  low-cost  materials  for  body 
strucnires  and  closures  remain.  These  include  the  production  of  continuous  slab  castings  of 
aluminum  sheet  and  the  formulation  of  recyclable  composites  that  have  the  necessary  structural 
properties  (including  crashworthiness)  and  very  short  processing  times.  The  committee 
anucipates  that  these  barriers  can  be  overcome  if  investigations  are  appropriately  focused  and 
resources  are  applied  by  effective,  integrated  USCAR  teams. 


Summary  of  Achievements 

The  committee  concluded  that  the  PNGV  has  made  significant  technical  progress  since 
the  Phase  1  peer  review,  notably  in  the  following  areas: 

•  development  of  a  catalyst  demonstrating  substantial  reductions  in  NO, 
exhaust  emissions 

•  satisfactory  completion  of  a  1,000  hr-rig  test  of  ceramic  vanes  and  blades 
for  gas  turbine  engines 

•  improvements  in  fuel  cell  performance,  including  the  doubling  of  stack 
power  denisity,  and  the  design  and  testing  of  a  potentially  low-cost  bipolar 
plate 

•  demonstration  of  high-volume  fabrication  processes  for  lightweight  materials 

•  improvements  in  the  performance  of  high-power  batteries,  ultracapacitors, 
and  flywheels 


Stmmiary  of  Technical  Barriers 

Despite  progress,  there  is  still  a  wide  gulf  between  the  current  status  of  major  vehicle 
systems  and  subsystems  and  the  performance  and  cost  requirements  necessary  to  meet  major 
PNGV  milestones.'  Some  of  the  technical  barriers  to  achieving  PNGV  objectives  can  probably 
be  overcome  with  sufficient  funding  and  management  attention;  others  require  inventions  and 
very  significant  technical  breakthroughs. 

The  effort  currently  being  expended  on  candidate  technologies  and  systems  is  not 
consistent  with  the  likelihood  that  each  will  meet  performance  goals  within  the  program 
schedule.  Work  on  some  critical  systems  is  inadequately  funded,  lacks  integrated  technical 
direction,  or  does  not  adequately  leverage  relevant  activities  being  conducted  within  some 
government  agencies. 


These  milestones  include  technology  selection  in  1997,  design  and  construction  of  concept  vehicles  by  2000,  and 
the  availability  of  production  prototypes  in  2004. 
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The  assessment  of  technical  barriers  to  the  development  of  major  candidate  PNGV 
subsystems  presented  in  this  report  was  used  as  a  basis  for  constructing  table  H-1  (see 
Highlights).  In  the  committee's  view  this  table  provides  a  summary  and  an  approximate 
assessment  of  the  broad  potential  for  candidate  PNGV  elements.  The  committee  made  a 
distinction  between  systems  for  which  technical  breakthroughs  are  needed  to  meet  PNGV 
targets  and  those  for  which  incremental  development  with  adequate  resources  (fimding  and 
staff)  is  likely  to  lead  to  the  necessary  progress.  For  each  major  subsystem,  the  committee 
identified  the  most  critical  barriers  to  meeting  PNGV  performance  requirements,  as  well  as  the 
approximate  cost  and  the  likelihood  of  meeting  PNGV  schedules.  These  three  factors  were 
used  to  derive  a  first  approximation  of  the  overall  PNGV  potential  regardless  of  the  PNGV 
schedule  and  to  further  highlight  program  priorities. 

For  example,  overcoming  the  barriers  to  composite  materials  meeting  the  PNGV 
performance  requirements  for  lightweight  body  strucmre  will  require  significant  fiirther 
development  but  can  probably  be  successful  with  sufficient  time  and  effort.  However,  the 
likelihood  of  meeting  PNGV  requirements  within  the  specified  timeframe  is  low,  and  the  cost 
of  composites  is  high  when  compared  with  the  cost  of  steel  or  aluminum.  Thus,  the  overall 
PNGV  potential  for  composite  materials  is  rated  medium,  indicating  that  significant  resources 
will  be  required  to  take  advantage  of  the  promise  of  composite  materials  for  use  in 
automobiles.  In  contrast,  it  is  not  apparent  that  the  barriers  for  gas  mrbines  meeting  PNGV 
targets  can  be  overcome  without  major  breakthroughs,  even  with  additional  resources.  Despite 
significant  R&D  effort  over  the  past  20  years— and  some  limited  successes— there  is  currently 
no  robust,  low<ost  manufacmring  process  for  producing  high-temperamre  strucmral  ceramics 
that  have  the  necessary  combination  of  strength  and  toughness  for  use  in  automobiles. 

Another  approach  to  assessing  the  potential  of  candidate  technologies  is  presented  in  a 
recent  report  from  the  Office  of  Technology  Assessment  (OTA),  which  attempts  to  answer  the 
question,  "What  happens  to  a  mid-size  car  in  2(X)5  and  2015?"  (OTA,  1995).  OTA  was 
generally  optimistic  about  the  potential  of  advanced  vehicle  technologies  providing  excellent 
vehicle  performance.  However,  the  OTA  was  more  cautious  about  the  speed  with  which 
technologies  can  be  made  commercially  available  and  introduced  widely  mto  the  market.  In 
general,  the  committee  does  not  take  issue  with  the  major  findings  of  the  OTA  report. 


Recommendations 

With  regard  to  technology  barriers,  the  committee  recommends  the  following: 

Recommendation.  PNGV  should  perform  appropriate  evaluations  to  ensure  that 
its  program  resources  and  focus  are,  in  general,  consistent  with  the  "Basic 
Needs"  column  of  table  H-1.  If  necessary,  program  funding  should  be 
reallocated  to  encourage  developments. 
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Recommendation.  PNGV  should  devote  substantial  additional  resources  to  the 
DICI  hybrid  powenrain  in  view  of  its  relatively  high  potential  to  meet  Goal  3 
objectives. 

Recommendation.  PNGV  should  focus  ultracapacitor  R&D  on  the  most 
promising  technologies,  and  serious  efforts  should  be  devoted  to  the 
investigation  of  a  battery/ultracapacitor  hybrid  storage  system. 

Recommendation.  On  a  standalone  basis,  batteries  still  appear  to  be  the  best 
near-term  candidates  for  energy  storage,  and  PNGV  should  fiind  development 
of  the  most  promising  battery  systems  consistent  with  this  potential. 

Recommendation.  PNGV  should  continue  to  develop  flywheel  and  generator 
technologies. 

Recommendation.  USCAR  should  continue  to  use  the  process  it  has 
developed— incorporating  its  substantial  leverage  through  integrated  industry 
programs— to  pursue  the  very  promising  developments  in  steel  and  aluminum 
materials  made  by  materials  suppliers  and  trade  associations.  The  development 
of  innovative  manufacmring  processes  for  aluminum  and  steel  should  be 
encouraged  and  accelerated. 


SYSTEMS  ANALYSIS 

Systems  analysis  in  the  PNGV  program  is  critical  to  the  successful  development  of 
components,  systems,  and  overall  vehicle  design.  Systems  analysis  provides  the  analytical 
capability  to  efficiently  and  accurately  assess  competing  technologies  and  vehicle  concepts 
against  Goal  3  vehicle  performance  requirements  (PNGV,  1995).  Systems  analysis  smdies  are 
also  essential  to  provide  component  designers  with  performance  targets  and  reasonable  tradeoff 
parameters.  The  PNGV  has  established  technical  teams  for  systems  analysis  and  vehicle 
engineering  and  a  preliminary  overall  plan;  however,  very  little  has  been  accomplished 
because  of  a  lack  of  funding.  A  contractor  for  developing  appropriate  system,  subsystem,  and 
component  models  was  recently  selected,  but  there  was  a  12-  to  18-month  delay  in  initiating 
this  critical  PNGV  systems  activity.  The  impact  of  the  delay  on  the  program,  and  particularly 
on  the  technology  selection  scheduled  for  1997,  is  currently  unclear.  The  absence  of,  or 
deficiencies  in,  systems  suppon  for  subsystem  and  component  tradeoffs  could  compromise  the 
effective  selection  of  optimal  technologies  for  the  design,  fabrication,  and  assembly  of  concept 
vehicles.  It  would  help  accelerate  the  systems  analysis  activity  and  make  up  for  lost  time  if  the 
USCAR  panners  provided  PNGV  with  their  in-house  systems  models  to  the  extent 
appropriate. 

The  committee  concludes  that  the  PNGV  does  not  currently  have  the  necessary  systems 
analysis  tools  to  adequately  suppon  the  technology   selection  scheduled  for    1997.   This 
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deficiency  constitutes  a  barrier  to  meeting  the  PNGV  program  goals  on  time.  The  PNGV  must 
assess  the  extent  to  which  this  barrier  can  be  overcome  without  delay  and  must  allocate 
appropriate  resources  to  correct  the  deficiencies. 


Recommendations 

With  regard  to  systems  analysis,  the  committee  recommends  the  following: 

Recommendation.  The  PNGV  should  assess  the  impact  on  the  overall  program 
schedule  of  the  delay  in  implementing  systems  analysis  and  vehicle  engineering 
tasks,  and  the  need  for  remedial  action.  Priority  projects  must  be  identified  and 
implemented  by  the  technical  teams  as  soon  as  possible. 

Recommendation.  The  PNGV  should  formalize  subsystem  evaluation  and 
selection  process  without  delay  and  provide  performance  criteria  to  the  PNGV 
technology  teams.  The  systems  analysis  must  be  an  iterative  process  that 
continually  receives  new  information,  updates  models,  and  provides  updated 
results  from  optimizations  and  tradeoff  smdies  to  system,  subsystem,  and 
component  designers. 

FOREIGN  TECHNOLOGY 

In  its  Phase  1  report,  the  committee  noted  that  it  would  be  appropriate  for  the  PNGV 
to  more  fully  evaluate  applicable  technology  developments  outside  the  United  States. 
Consistent  with  this  observation,  the  comminee  received  briefmgs  (see  appendix  B)  and 
reviewed  articles  on  foreign  automotive  technology  programs  to  assess  the  competitive  stams 
of  the  PNGV  program  from  a  broad,  international  perspective.  Active  govenunent-industry 
partnerships  in  Europe  and  Japan— somewhat  analogous  to  the  PNGV  initiative— are  pursuing 
the  development  of  advanced  automotive  technologies  to  maintain  or  enhance  their 
international  competitiveness.  The  committee  noted  that  there  is  likely  to  be  fierce 
international  competition  to  produce  highly  efficient  vehicles  for  sale  on  a  global  basis. 

A  very  preliminary  ranking  of  foreign  automotive  technology  development  compared 
with  technology  development  within  the  PNGV  is  presented  in  table  1-1.  This  assessment  is 
based  on  preliminary,  limited  information  presented  to  the  committee  by  the  PNGV  (Hardy, 
1995).  The  rankings  shown  in  table  1-1  are  judgmental.  Nonetheless,  they  suggest  that, 
compared  with  its  major  overseas  competitors,  the  United  States  is  not  in  a  clear  leadership 
position  in  developing  critical  technologies  for  PNGV-type  vehicles.  It  should  be  noted, 
however,  that  automotive  companies  in  Asia  and  Europe  are  not  necessarily  targeting  the  same 
vehicle  as  the  PNGV,  and  they  may  have  different  marketmg  strategies. 
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With  regard  to  foreign  technology,  the  committee  recommends  the  following: 

Recommendation.  As  a  matter  of  urgency  and  in  accordance  with  the 
committee's  recommendation  in  its  first  report,  the  PNGV  should  conduct  more 
comprehensive  assessments  and  benchmark  foreign  technology  developments 
relevam  to  the  program.  If  warranted  by  the  results  of  such  analyses,  PNGV 
should  reassess  its  research  priorities. 


TABLE  1-1  Preliminary  Ranking  of  U.S.,  European,  and  Japanese  Advanced  Automotive 
Technologies 


Technology 


U.S. 


Europe 


Japan 


Internal  combustion. 

compression 

3 

Ignition  engme 

Internal  comlmstion. 

spark- 

2 

igmuon  engine 

Gas  turbine 

1  (systems) 

Fuel  cell 

- 

Rywheel 

1 

Battery 

1  (high  energy) 

Ultracapacitor 

3 

Lightweight  materials 

2 

2  1 

1  (systems)  1  (components) 

Immature  technology— no  ratings  assigned 

1  3 

2  1  (high-power) 

3  1 

1  (aliiminiim) 1  (high-strength  steel) 


Note:  1  =  highest  ranking;  3  =  lowest  ranking 


PROGRAM  ORGANIZATION  AND  MANAGEMENT 

The  committee  noted  that  the  PNGV  Technical  Roadmap,  developed  since  the  Phase  1 
review,  does  a  good  job  of  describing  the  major  technologies  being  pursued,  the  target 
performance  levels,  and  the  schedule."  The  committee  assumed  that  some  missing  details  in  the 
roadmap  (identifying  resource  requirements  and  some  quantitative  performance  measures) 
would  be  added  by  the  PNGV  in  future  revisions.  Durmg  the  past  year,  the  PNGV  has  also 


It  is  the  committee's  understanding  that  these  technical  targets  are  preliminary  and  subject  to  change  as  progress 
is  made  in  the  PNGV  R&D  program. 
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solidified  its  technical  organization  structure,  which  centers  on  the  technical  teams  responsible 
for  manufacturing,  materials  and  structures,  and  systems  analysis.  Technical  oversight  and 
coordination  are  provided  by  the  vehicle  engineering  team.  These  teams  appear  to  be 
organized  effectively  and  are  working  toward  specific  objectives,  although  the  committee  was 
concerned  that  some  key  management  personnel  from  USCAR  spend  only  a  very  limited 
amount  of  time  on  PNGV  activities.  The  committee  also  observed  that  the  process  for  program 
review  against  specific  targets  and  milestones  in  the  technology  development  plan  was  not 
clearly  defmed.  More  specifically,  the  technology  selection  process  scheduled  for  1997  has  not 
been  established,  despite  the  fact  that  this  major  milestone  is  less  than  two  years  away.  This 
may  be  due,  in  part,  to  the  very  late  start  of  the  formal  systems  analysis. 

PNGV  program  planning,  organization,  and  management  have  been  influenced  by  a 
recent  decision  by  Chrysler,  Ford,  and  General  Motors  not  to  develop  a  single  USCAR 
concept  car.  Each  company  will  now  pursue  its  own  concept  car  (or  cars),  sharing  PNGV  and 
USCAR  information  as  appropriate.  The  committee  noted  that  this  change  puts  an  added 
premium  on  good  communications  among  the  USCAR  partners,  as  well  as  between  USCAR 
and  government  participants  in  the  PNGV,  to  ensure  that  there  is  close  coordination  between 
the  work  of  the  PNGV  technical  teams  and  the  needs  of  the  individual  automotive 
manufacturers  and  that  government-sponsored  projects  have  the  greatest  oppormnity  of 
providing  the  essential  technology  to  meet  unified  performance  requirements.  Since  the  PNGV 
will  not  build  a  concept  car,  the  coordination  of  PNGV  systems  analysis  and  vehicle 
engineering  efforts  requires  strong,  central  management  control.  This  could  be  provided  by  a 
single  USCAR  technical  director. 

Despite  significant  improvements  in  program  organization  in  the  past  year  and  the 
resulting  technical  achievements,  the  committee  concluded  that  the  USCAR  members  are  not 
using  the  leverage  of  an  integrated  industry  organization  in  pursuit  of  PNGV  program  goals. 
In  the  committee's  view,  the  absence  of  an  integrated  working  group  has  had  an  adverse 
impact  on  the  program.  This  lack  of  integration  is  reflected  in  the  decision  of  Chrysler,  Ford 
and  General  Motors  to  develop  individual  concept  vehicles,  the  delay  in  staning  the  systems 
analysis,  and  the  limited  amount  of  time  spent  on  USCAR  business  by  some  key  management 
personnel.  The  committee  continues  to  believe  strongly  that  the  industry  partners  would  be 
well  served  by  having  a  single  technical  program  director  in  USCAR  to  drive  and  coordinate 
the  program,  as  was  recommended  in  the  Phase  1  report. 

The  committee  observed  that  the  government  also  lacks  an  effective  program 
management  organization.  The  program  management  office  at  the  DOC  essentially  operates  as 
an  information  office.  Program  managers  at  DOC  and  the  U.S.  Department  of  Energy  (DOE) 
are  not  empowered  to  direct  the  array  of  federal  PNGV  projects  that  contribute  to  and  are 
essential  to  the  PNGV  initiative.  In  particular,  PNGV  management  on  the  government  side  has 
little  or  no  ability  to  redeploy  funds  from  less  significant  to  more  important  projects  in 
response  to  budget  reductions  or  following  technology  selection.  The  committee  considers 
strong  central  program  management  on  the  government  side  to  be  essential  to  the  success  of 
the  program,  particularly  in  the  absence  of  a  single  USCAR  technical  program  director. 

The  committee  noted  that,  despite  the  above  deficiencies  in  program  organization  and 
management,  persormel  from  the  diverse  cultures  of  government  and  industry  are  working 
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together  effectively  while  fully  embracing  the  goals  of  the  PNGV,  as  was  the  case  during  the 
Phase  1  review.  In  the  comminee's  judgment,  the  working  relationships  that  have  developed  in 
the  PNGV  are  commendable. 


Recommendations 

With  regard  to  program  organization  and  management,  the  committee  recommends  the 
following: 

Recommendation.  The  committee  still  strongly  recommends  that  the  parmers  in 
USCAR  appoint  a  single  technical  program  director  as  a  way  of  benefitting 
from  the  leverage  of  an  integrated  organization  in  pursuit  of  PNGV  goals. 

Reconmiendation.  The  committee  reiterates  its  earlier  recommendation  that 
senior  management  at  DOC  and  DOE  install  a  management  structure  with 
appropriate  authority  and  responsibility  as  soon  as  possible  and  ensure  strong, 
capable  staffing.  This  structure  should  include  a  Chief  Technical  Officer  to 
provide  technical  direction  to  the  wide  array  of  government  technical  activities. 
The  role  of  the  Chief  Technical  Officer  is  even  more  critical  in  the  absence  of  a 
single  USCAR  technical  program  director. 


INFRASTRUCTURE 

Some  of  the  technologies  under  consideration  for  the  PNGV  vehicle  would,  if 
implemented,  result  in  very  significant  changes  in  the  current  highway- vehicle-fuel 
infrastrucmre,  as  well  as  shifts  in  the  requirements  for  capital,  labor,  and  namral  resources. 
Thus,  in  the  absence  of  detailed  analysis,  it  is  not  clear  that  all  scenarios  being  considered 
would  meet  the  objectives  of  increasing  competitiveness,  reducing  dependency  on  foreign 
energy  sources,  and  lowering  energy  consumption.  In  particular,  modifications  to  the  current 
vehicle  infrastrucmre  associated  with  changes  in  safety  criteria,  automotive  service  industries, 
fuel  use,  and  vehicle-operator  interactions  have  important  implications  for  market  acceptance 
of  a  PNGV-type  vehicle. 

A  preliminary  smdy  of  infrastrucmre  issues  for  the  PNGV  was  completed  during  the 
past  year  by  a  research  team  from  Argonne  National  Laboratory  (Johnson,  1995);  the 
committee  commends  the  PNGV  for  taking  this  first  step.  The  committee  sees  a  continuing 
need  to  address  infrastrucmre  issues  as  an  integral  part  of  the  PNGV  program.  In  particular, 
careful  assessment  of  infrastructure  issues  associated  with  alternative  technologies  should  be  an 
essential  part  of  the  selection  process  scheduled  for  1997. 

The  use  of  lightweight  materials,  energy-storage  and  conversion  systems,  and 
alternative  fuels  will  raise  numerous  safety  issues.  New  vehicle  designs,  which  pose  new 
safety  questions,  will  need  to  be  at  least  as  safe  as  conventional  vehicles.  The  absence  of  active 
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panicipation  by  DOT   in  addressing  and  resolving  PNGV  safety   issues  is  seen  by  the 
committee  as  a  major  deficiency  in  the  current  program. 


Recommendations 

With  regard  to  infrastructure,  the  committee  recommends  the  following: 

Recommendation.  The  PNGV  must  continue  to  address  infrastructure  issues  as 
an  integral  part  of  its  program.  A  careful  assessment  of  infrastructure  issues 
associated  with  alternative  technologies  should  be  an  essential  part  of  the 
technology  selection  process  scheduled  for  1997. 

Reconunendation.  The  PNGV  should  perform  a  study  to  establish  the  energy 
balance,  in-use  environmental  effects,  and  resource  requirements,  as  well  as  the 
production  and  distribution  costs,  for  any  fuels  other  than  gasoline  or  diesel  fuel 
being  considered  for  use  in  Goal  3  vehicles. 

Recommendation.  The  PNGV  should  immediately  involve  the  DOT's  National 
Highway  Traffic  Safety  Administration,  in  identifying,  addressing,  and 
resolving  the  safety  issues  raised  by  Goal  3  vehicles. 

PARTICIPATION  BY  GOVERNMENT  AGENCIES 

The  DOE  is  the  largest  panicipant  in  the  PNGV  program  in  terms  of  research  projects, 
followed  by  the  National  Science  Foundation.  The  other  partners  are  the  DOC,  DOD,  DOT 
and  NASA,  as  well  as  the  U.S.  Department  of  the  Interior  and  the  U.S.  Environmental 
Protection  Agency.  The  committee  noted  that  a  visible  commitment,  as  well  as  increased 
participation  by  all  the  parmers,  are  essential  to  the  success  of  the  PNGV  program.  The  fact 
that  DOT  has  decided  on  a  "zero"  contribution  to  PNGV  in  fiscal  year  (FY)  1996  and  that 
NASA's  contribution  to  the  systems  analysis  work  are  uncertain  beyond  FY  1996  suggests  a 
lack  of  commitment  to  the  program  within  the  administration.  The  committee  was  particularly 
concerned  that  (1)  DOT  is  not  playing  an  active  role  in  addressing  and  resolving  PNGV 
transportation  policy  and  safety  issues,  and  (2)  the  Environmental  Protection  Agency  does  not 
appear  to  be  addressing  the  question  of  emissions  standards  for  new  PNGV  technologies. 

NATIONAL  COMMITMENT 

Given  the  ambitious  scope  of  the  PNGV  program  and  its  decade-long  schedule, 
sustained  commitment  is  needed  for  success.  Significant  benefits  can  be  anticipated  from  the 
program:  notably,  in  economic  competitiveness,  increased  national  security,  and  improved 
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environmental  quality.  These  benefits  will,  however,  accrue  over  a  long  period  of  time  and  be 
widely  distributed.  For  these  reasons  it  is  unlikely  that  any  group  of  constituents  will  be  drawn 
to  develop  and  sustain  support  for  the  program.  Therefore,  the  PNGV  has  an  unportant  role  to 
play  in  providing  and  disseminatmg  information  about  the  program. 

The  PNGV  program  office  has  made  significant  progress  in  this  regard  in  the  past  year, 
primarily  through  a  media  education  effort  and  the  establishment  of  a  World  Wide  Web  site  on 
the  Internet.  Opportunities  may  exist  for  the  PNGV  to  further  enhance  the  effectiveness  of  its 
media  education  effort  by  instituting  strong  coordination  among  the  public  affairs 
representatives  of  all  the  agencies  participating  in  the  program.  The  PNGV  may  also  wish  to 
consider  establishing  links  with  the  larger  transportation  community  in  the  course  of  further 
efforts  to  disseminate  information  about  the  program  status  and  achievements. 


FUNDING  REQUIREMENTS 

The  FY  1996  federal  budget  has  been  altered  dramatically  by  changes  in  federal 
government  priorities,  and  budgets  for  the  various  federal  PNGV  programs  have  been  reduced 
below  those  requested.  Final  FY  1996  PNGV  budgets  were  unavailable  when  this  report  was 
prepared;  therefore  the  committee  was  unable  to  judge  the  full  impact  of  the  reductions. 

Meeting  the  challenge  of  achieving  three  times  today's  fuel  efficiency  in  a  prototype 
vehicle  ready  for  production  in  2004,  along  with  all  of  the  other  requirements  surrounding 
Goal  3,  is  extremely  difficult.  Without  question  the  recent  federal  budget  reductions  will  delay 
the  program  and  increase  the  risk  associated  with  meeting  the  technical  objectives. 
Reallocating  resources  to  the  most  promising  candidate  subsystems  within  the  PNGV  program 
will  be  crucial  in  this  austere  fiscal  environment. 


Recommendation 

With  regard  to  funding  requirements,  the  committee  recommends  the  following: 

Recommendation.  To  be  successful,  a  complex  development  program  such  as 
PNGV  must  have  well-defmed  plans  and  objectives,  adequate  resources,  and  be 
supported  by  sufficient  funding.  It  is  incumbent  upon  both  OSCAR  and  the 
govenmient  to  ensure  that  adequate  resources  for  the  PNGV  program  are 
provided  in  a  timely  manner  and  used  efficiently  in  overcoming  the  critical 
barriers  to  achieving  PNGV  goals. 

TIMELY  CORRECTION  OF  PROGRAM  DEnCIENCIES 

To  maintain  continued  viability  of  the  PNGV  program,  the  committee  strongly  urges 
the  government  and  industry  partners  to  address  program  deficiencies  as  soon  as  possible. 
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Members  of  the  PNGV  are  encouraged  to  meet  with  the  committee  at  the  earhest  oppormnity 
to  discuss  the  findings  and  recommendations  of  this  report  and  to  develop  appropriate  remedial 
action. 


PEER  REVIEWS  OF  THE  PNGV 

If  the  PNGV  program  is  to  be  properly  focused  and  vigorously  implemented  and 
supported  as  a  national  goal,  there  must  be  further  detailed  reviews  of  the  technical  decisions, 
research  results,  and  organizational  structures  of  the  program.  The  commitee  proposes 
conducting  such  expanded  reviews  in  early  1996.  As  part  of  that  process,  the  committee  will 
assess  the  actions  taken  by  the  PNGV  to  address  the  recommendations  in  this  report. 
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This  is  the  second  report  of  the  National  Research  Council's  (NRC's)  Standing 
Committee  to  Review  the  Research  Program  of  the  Partnership  for  a  New  Generation  of  Vehicles 
(PNGV).  The  committee  was  established  in  July  1994  to  conduct  independent  armual  reviews  of 
the  PNGV's  research  program  and  to  advise  the  government  and  industry  participants  on  the 
program's  progress.  The  PNGV  declaration  of  intent  includes  a  requirement  for  an  independent 
peer  review  "to  comment  on  the  technologies  selected  for  research  and  progress  made."  To  this 
end,  tliis  review  was  undertaken  by  the  NRC  at  the  written  request  of  the  Under  Secretary  for 
Technology  Administration,  U.S.  Department  of  Commerce  (DOC),  acting  on  behalf  of  the 
PNGV. 

The  PNGV  program  is  a  cooperative  research  and  development  (R&D)  program  between 
the  federal  government  and  the  United  States  Council  for  Automotive  Research  (USCAR),  whose 
members  are  Chrysler  Corporation,  Ford  Motor  Company,  and  General  Motors  Corporation. 
The  PNGV  was  initiated  on  September  29,  1993,  by  President  Clinton  with  the  purpose  of 
enhancing  the  U.S.  domestic  automobile  industry's  productivity  and  competitiveness  while 
improving  the  fuel  efficiency  of  today's  vehicles.  The  aims  of  the  PNGV  program  are  to  improve 
automobiles  over  the  next  decade  and  to  develop  technologies  for  a  new  generation  of  vehicles 
that  could  achieve  fuel  economies  up  to  three  times  those  of  today's  comparable  vehicles.  At  the 
same  time,  these  vehicles  should  maintain  performance,  size,  utility,  and  cost  of  ownership  and 
operation  and  should  meet  or  exceed  federal  safety  and  emissions  requirements  (The  White 
House,  1993). 

The  PNGV  goals  and  the  considerations  imderlying  them  are  articulated  in  the 
partnership's  program  plan,  as  follows  (PNGV,  1995): 

GOAL  1— Significantly  improve  national  competitiveness  in  manufacturing. 

Improve  the  productivity  of  the  U.S.  manufacmring  base  by  significantly 
upgrading  U.S.  manufacturing  technology,  including  the  adoption  of  agile  and 
flexible  manufacturing  and  reduction  of  costs  and  lead  times,  while  reducing  the 
environmental  impact  and/or  improving  quality. 
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GOAL  2— Implement  commercially  viable  imiovations  from  ongoing  research 
on  conventional  vehicles. 

Pursue  technology  advances  that  can  lead  to  improvements  in  the  fuel  efficiency 
and  reductions  in  the  emissions  of  standard  vehicle  designs,  while  pursuing 
advances  to  maintain  safety  performance.  Research  will  focus  on  technologies  that 
reduce  the  demand  for  energy  from  the  engine  and  drivetrain.  Throughout  the 
research  program,  the  industry  has  pledged  to  apply  those  commercially  viable 
technologies  resulting  from  this  research  that  would  be  expected  to  significantly 
increase  vehicle  fuel  efficiency  and  improve  emissions. 

GOAL  3— Develop  vehicles  to  achieve  up  to  three  times  the  fuel  efficiency  of 
comparable  1994  family  sedans. 

Increase  vehicle  fuel  efficiency  to  up  to  three  times  that  of  the  average  1994 
Concorde/Taurus/Lumina  automobiles  with  equivalent  cost  of  ownership  adjusted 
for  economics. 

According  to  the  schedule  for  Goal  3  that  is  described  in  the  program  plan,  by  1997  the 
PNGV  expects  to  assess  system  configurations  for  alternative  vehicles  and  to  narrow  its 
technology  choices,  with  the  intent  of  defining,  developing,  and  constructing  concept  vehicles  by 
2000  and  with  the  production  of  prototypes  by  2004.  The  technology  areas  being  addressed 
include  advanced  lightweight  materials  and  structures;  energy  efficient  conversion  systems 
(including  advanced  internal  combustion  engines,  gas  turbines,  and  fuel  cells);  hybrid  electric 
propulsion  systems;  energy-storage  devices  (including  high-power  batteries,  flywheels,  and 
ultracapacitors);  more-efficient  electrical  systems;  and  energy  recovery  systems,  such  as  those 
for  efficiently  recovering  and  utilizing  exhaust  energy  and  braking  energy. 

For  Phase  2  of  the  PNGV  peer  review,  additional  members  were  added  to  the  committee 
to  provide  the  expertise  necessary  to  assess  developments  in  the  program  since  the  first  review; 
notably,  in  the  areas  of  energy  conversion,  powertrain  technologies,  and  systems  analysis. 
Biographical  information  on  committee  members  is  presented  in  appendix  A.  The  committee  was 
charged  with  performing  the  following  tasks: 

•  Assess  the  progress  of  the  PNGV  program  since  August  1994  and  its  response 
to  the  recommendations  from  the  first  NRC  review. 

•  Examine  ongoing  research  activities  in  the  PNGV,  that  is,  in  the  various 
agencies  of  government  (including  the  pertinent  national  laboratories  and 
contractors)  and  at  USCAR. 

•  Assess  the  relevance  of  that  ongoing  research  and  its  management  to  the 
PNGV's  goals  and  schedule. 

•  Prepare  a  second  peer  review  report. 

Consistent  with  this  charge,  this  second  report  offers  the  committee's  findings  and 
recommendations  based  on  presentations  from  the  PNGV  that  were  made  August  27-31,  1995, 
in  Dearborn,  Michigan,  and  October  30-November  1,  1995,  in  Washington,  D.C.  The  two 
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committee  meetings  were  supplemented  by  site  visits  to  Chrysler,  Ford,  and  General  Motors 
R&D  facilities  by  small  subgroups  of  the  committee  and  by  the  attendance  at  selected 
conferences  and  symposia  of  individual  committee  members.  (The  list  of  presentations  to  the 
committee  and  other  data-gathering  activities  is  provided  in  appendix  B.)  Some  of  the  material 
was  presented  to  the  committee  as  USCAR  proprietary  information  under  an  agreement  signed 
by  the  National  Academy  of  Sciences;  USCAR;  and  the  U.S.  government,  represented  by  the 

DOC. 

The  committee  started  its  work  with  the  explicit  understanding  that  the  vision,  goals,  and 
target  dates  for  the  PNGV  had  been  articulated  by  the  President  and  that  the  appropriate  R&D 
programs  had  been  launched.  On  the  premise  that  the  PNGV  would  be  seriously  pursued  by  its 
partners,  the  committee  saw  its  charge  as  one  of  providing  independent  advice  to  help  the  PNGV 
achieve  the  goals  envisioned.  Thus,  in  its  review  the  committee  sought  to  identify  strengths  and 
actions  that  could  enhance  the  program's  chance  for  success. 

The  committee  has  smdiously  avoided  making  judgments  at  this  time  on  the  value  of  the 
program  to  the  nation;  hence,  the  committee  accepted  the  fuel  economy  target  for  Goal  3  as  a 
given.  This  target  is  to  design  and  construct  a  production  prototype  vehicle  (or  vehicles)  by  2(X)4 
that  will  have,  among  other  attributes,  a  fuel  economy  of  up  to  80  miles  per  equivalent  gallon  of 
gasoline  (as  measured  by  the  Federal  Test  Procedure).  The  committee  discussed,  but  did  not 
choose  to  question,  this  fuel  economy  target,  deferring  that  issue  for  later  discussion  following 
selection  of  vehicle  configurations  in  1997.  Likewise,  the  committee  accepted  the  statements  for 
Goals  1  and  2,  while  noting  that  they  are  open  ended  and  do  not  have  quantitative  targets  and 
milestones  as  does  Goal  3. 

In  the  foregoing  context,  the  objective  of  the  committee's  review  was  to  conduct  a  review 
of  the  R&D  program  as  presently  configured  and  to  assess  the  PNGV  program's  potential  for 
achieving  its  goals.  Thus,  the  presentations  sought  by  the  committee  at  its  second  round  of 
meetings  centered  around  understanding  the  PNGV's  perspectives  on  the  technologies  under 
consideration;  key  research  challenges  and  priorities;  alignment  of  the  program  architecture  with 
the  goals,  schedule,  and  milestones;  metrics  for  measuring  progress;  resources  deployed  in  fiscal 
year  (FY)  1995  and  plaimed  for  subsequent  years;  and  program  management  within  the  PNGV. 

Key  questions  for  which  the  committee  sought  information  and  insight  include  the 
following: 

•  Are  the  broad  priorities  established  for  the  PNGV  program  reasonable? 

•  Are  there  obvious  potential  technologies  not  being  considered  as  candidates 
for  the  PNGV  concept  vehicles? 

•  Does  the  PNGV  program  have  detailed  plans  sufficient  to  adequately  describe 
the  work  effort  and  permit  effective  program  management  of  dedicated 
resources? 

•  Does  the  PNGV  program  have  an  effective  program  management  strucmre  for 
the  government  and  industry  organizations  involved? 
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•  Does  the  PNGV  program  have  adequate  and  dedicated  levels  of  funding  and 
resources  required  to  accomplish  the  goals  and  schedules  specified  in  the 
program  plan? 

•  Is  the  PNGV  program  considering  all  pertinent  sources  of  technology? 

This  report  attempts  to  answer  these  overarching  questions. 
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PNGV  Response  to  the  Phase  1  Report 


In  its  report  issued  in  October  1994,  after  the  first  review  of  the  PNGV  research 
program,  the  committee  offered  a  number  of  recommendations  for  the  PNGV's  consideration 
(NRC,  1994).  Most  importantly,  the  committee  considered  the  broad  priorities  and  underlying 
concepts  of  the  program  to  be  reasonable  and  credible  but  noted  that  for  the  goals  of  the  program 
to  be  met  or  closely  approached,  well-managed  and  adequate  resources  must  be  devoted  to  it  in  a 
timely  manner  and  it  must  be  pursued  with  urgency  as  a  national  goal. 

In  this  regard,  the  committee  made  four  major  recommendations  concerning  the  need  for 
(1)  a  strong  central  government  program  manager;  (2)  central  control  over  a  unified  government 
budget  for  critical  and  core  items;  (3)  a  central  (integrated)  USCAR  platform  development  team 
with  a  single  technical  director;  and  (4)  a  sustained  national  commitment.  The  committee  also 
offered  four  additional  recommendations  directed  at  (1)  developing  a  technology  strategy  for  the 
PNGV's  research  activities;  (2)  involving  suppliers  and  university  researchers  in  the  program; 
(3)  using  foreign  technology  and  resources  where  and  when  appropriate;  and  (4)  evaluating  the 
implications  of  future  infrastructure  and  capital  needs  that  would  be  generated  by  a  successful 
program. 

The  PNGV  provided  a  written  response  to  the  committee's  recommendations  in  the  form 
of  a  letter  from  its  Operational  Steering  Group,  dated  March  3,  1995.  This  letter  in  its  entirety 
is  included  in  appendix  C,  together  with  the  committee's  initial  analysis  of  the  response,  which 
was  provided  to  the  PNGV  prior  to  the  August  1995  committee  meeting  in  Dearborn,  Michigan. 
The  committee  discussed  the  response  letter  with  the  PNGV  at  this  meeting  and  assessed 
PNGV's  actions  to  implement  the  committee's  recommendations.  The  highlights  of  that 
assessment  are  outlined  below. 

•  Progress,  changes  in  the  program,  and  material  presented  to  the  committee 
during  the  current  review  indicate  that  PNGV  has  resolved  some  of  the  issues 
raised  in  the  Phase  1  report.  PNGV  has  yet  to  address  other  important  issues 
in  a  substantive  way,  as  discussed  in  later  chapters  of  this  report.  The 
committee's  recommendations  regarding  the  major  outstanding  issues  are 
presented  in  the  appropriate  chapters  (Infrastructure,  Systems  Analysis, 
Program  Organization  and  Management,  National  Commitment). 
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•  The  recommendations  dealing  with  the  need  for  stronger  program 
management  and  establishment  of  a  USCAR  integrated  platform  development 
team  were  overtaken  by  the  industry  decision  to  create  proprietary  concept 
vehicles.  This  decision  makes  management  by  "a  single  platform  team"  less 
appropriate;  but,  in  the  judgement  of  the  committee,  the  need  for  better 
"defined  and  staffed  management  structures"  than  existed  at  the  time  of  the 
first  review  remains  an  important  issue.  Certainly  a  case  can  be  made  that 
perfectly  adequate  organizations  exist  within  each  of  the  car  companies  to 
perform  their  in-house  tasks,  since  concept  and  production  prototype  vehicle 
construction  is  a  routine  process  for  them.  However,  the  committee  strongly 
believes  that  the  current  coordination  mechanism  within  PNGV  does  not 
permit  the  members  of  USCAR  to  fully  exploit  the  leveraged  advantages  of  an 
integrated  organization  in  pursuit  of  the  program  goals.  It  is  the  considered 
opinion  of  the  committee  that  the  appointment  of  a  PNGV-USCAR  techjiical 
director  is  even  more  essential  and  urgent  than  at  the  time  of  the  first  peer 
review,  given  the  diverse  approaches  of  the  USCAR  members  to  designing 
and  building  Goal  3  vehicles.  Further,  the  committee  observed  that  the 
govenunent  lacks  an  effective  program  management  organization,  with  the 
current  program  management  office  operating  essentially  as  an  information 
office.  The  committee  is  concerned  that  the  current  program  management 
organization  on  the  government  side  is  not  conducive  to  maximizing  the 
contribution  of  the  non-proprietary  R&D  conducted  primarily  at  government 
laboratories. 

•  The  previously  noted  lack  of  an  integrated  PNGV  program  plan  is  partially 
overcome  by  creation  of  the  Draft  PNGV  Technical  Roadmap  (dated  August 
15,  1995),  which  was  provided  to  the  committee  just  prior  to  its  first  meeting, 
at  the  end  of  August  1995  (PNGV,  1995).  This  document  does  a  good  job  of 
describing  the  major  technologies  being  pursued,  the  target  j)erformance  levels 
and  the  planned  schedule.  However,  it  is  deficient  in  identifying  resource 
requirements  and,  in  some  cases,  in  establishing  the  critical  milestones  and 
quantitative  performance  measures  that  must  be  met  to  achieve  the  PNGV 
goals  on  time.  The  committee  assumes  that  the  missing  details  will  be  added 
by  PNGV  in  future  revisions  of  the  Technical  Roadmap. 

•  The  committee's  recommendations  to  combine  "major  and  critical  elements  of 
the  PNGV  program"  in  a  single  line  item  budget  has  not  proven  feasible.  The 
current  PNGV  program  on  the  federal  side  is  composed  of  a  loose  assembly 
of  individual  projects,  a  nimiber  of  which  predate  the  PNGV.  These  projects 
aim  to  satisfy  the  requirements  of  both  the  PNGV  and  other  programs; 
therefore,  the  PNGV  goverrunent  program  manager  has  very  limited  influence 
over  project  priorities  and  resources.  In  the  view  of  the  committee,  the 
mechanisms  for  program  coordination  and  decision  making  that  will  be  used 
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for  "selecting  and  integrating  technologies  and  for  assessing  total  costs  and 
benefits"  still  require  definition.  The  existence  and  effectiveness  of 
mechanisms  were  not  clear  from  the  material  presented  by  the  PNGV  to  the 
comimttee. 

•  The  committee's  recommendations  "to  make  an  analysis  to  divide  all 
technologies  related  to  Goal  3  into  two  categories:  current  PNGV  and  post 
PNGV  technologies"  and  the  need  to  address  infrastructure  issues  as  "an 
integral  part  of  the  PNGV  program  systems  analysis"  appear  to  have  been 
favorably  received  by  the  program  managers.  They  still  remain,  however,  as 
significant  concerns  of  the  committee.  It  is  the  committee's  considered  opinion 
that  the  program  would  benefit  significantly  if  the  major  technologies  being 
pursued  by  the  PNGV  were  critically  examined  in  light  of  the  two  categories 
above  and  if  the  infrastructure  issues  were  more  directly  addressed  as  an 
integrated  part  of  the  PNGV's  technology  tradeoff  studies  and  decision 
process  for  technology  selection  in  1997. 

•  Many  of  the  remaining  recommendations  from  the  Phase  1  report  have  been 
addressed  or  explained  by  the  PNGV  so  that,  while  not  completely  resolved, 
they  no  longer  present  major  concerns  to  the  committee.  These  issues  include 
the  degree  of  public  outreach  and  the  extent  of  supplier  and  university 
involvement  in  the  program.  While  a  start  has  been  made  to  benchmark 
foreign  technology  developments,  the  committee  considers  it  important  for  the 
PNGV  to  analyze  available  data  fully,  make  more  comprehensive  assessments, 
and  take  action  to  modify  the  PNGV  program  as  appropriate. 

•  In  the  committee's  view,  the  DOD,  the  DOT,  and  the  NASA  still  need  to  be 
more  supportive  and  integrated  into  the  PNGV  research  program.  The 
relevance  of  certain  ongoing  R&D  programs  funded  by  these  agencies  to  the 
PNGV  technical  objectives  militates  in  favor  of  this  view. 
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Goals  1  and  2 


Given  the  lack  of  quantitative  objectives  for  Goals  1  and  2  and  the  time  constraints  on 
conducting  this  second  peer  review  of  the  research  program  of  the  PNGV,  the  committee 
chose  to  focus  on  activities  relating  to  Goal  3.  The  following  discussion  aims  to  provide  the 
reader  with  a  brief  overview  of  PNGV  activities  and  achievements  directed  towards  Goals  1 
and  2.  The  committee  noted  that  the  absence  of  quantitative  objectives  complicates  any 
assessment  of  progress. 

Achievements  in  Goal  1  and  Goal  2  programs  form  an  important  base  on  which  to 
build  in  developing  Goal  3  technologies;  for  example,  by  establishing  commercially  viable 
manufacturing  methods  and  obtaining  data  on  the  crashworthiness  of  composite  vehicle 
structures.  These  programs  will  supplement  Goal  3  technology  development  efforts  and  will 
provide  useful  supporting  information  for  subsequent  market-based  assessments  of  advanced 
vehicle  technologies. 


GOALl 

Objectives  for  Goal  1  (significantly  improve  national  competitiveness  in  manufacmring) 
are  being  formulated  by  the  PNGV  in  response  to  needs  identified  in  the  context  of  Goal  2  and 
Goal  3  technology  development  programs,  notably  for  low-cost,  high- volume  manufacmring 
processes.  The  manufacturing  program  includes  efforts  to: 

•  improve  design  and  development  processes  to  shorten  lead  times  and  achieve 
cost  reductions 

•  develop  new  manufacturing  systems  that  will  increase  productivity 

•  develop  and  validate  new  vehicle  assembly  systems  that  will  assure  the 
ability  to  integrate  new  technologies  and  allow  increased  productivity 

No  specific  quantitative  objectives  (e.g.,  productivity  levels,  cost,  quality)  have  been 
defined  for  specific  vehicle  systems,  subsystems  or  component  developments. 
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At  its  Dear^'om.  Michigan,  meeting,  the  comminee  was  provided  with  a  paper 
summarizing  the  progress  and  status  of  Goal  1  activities.  A  consolidated  USCAR  listing  of  256 
candidate  technologies  was  compiled  and  compared  with  an  inventory  of  government  agency 
projects  to  identify  synergies  and  to  avoid  possible  redundances.  The  list  was  consolidated  to 
196  technologies  with  the  potential  to  impact  PNGV  goals.  These  196  technologies  were 
further  prioritized  into  96  high-priority,  near-term,  generic  manufacniring  needs;  47  Goal  3 
vehicle  enablers:  and  53  medium-  and  low-priority  technologies.  Technologies  in  the  first 
category  were  further  reduced  to  35  (following  reviews  with  the  individual  Chrysler,  Ford, 
and  General  Motors  manufacmring  organizations)  from  which  the  16  highest  priority  projects 
were  selected  covering  the  following  categories: 

•  simulation  and  modeling 

•  systems/software  integration 

•  agile,  flexible  manufacmring 

•  alternative  processes 

•  test  methodology 

•  current  process  optimization 

Funding  requirements  for  the  16  high-priority  projects  are  being  identified. 

Manufacturing  representatives  from  USCAR  have  now  been  assigned  to  each  of  the 
product  technology  teams  (see  PNGV  Technical  Organizational  Structure,  figure  9-1),  and 
specific  manufacmring  needs  in  each  area  are  being  assessed.  Notable  achievements 
demonstrated  by  USCAR  programs  with  suppliers  include  high-volimie  strucmral  resin- 
injection-molding  composite  processes'  capable  of  producing  an  underbody  crossmember;  a 
slab  and  belt  cast-aluminum  sheet  fabricated  in  automotive  alloys  with  a  potential  cost  of  $l/lb; 
and  resolution  of  forming,  joining,  and  painting  issues  in  a  new,  high-volume  application  of 
aluminum  closure  panels. 

The  committee  noted  that  reduced  funding  levels  are  threatening  the  scope  of  the  16 
proposed  Goal  1  high-priority  activities.  Projects  with  specific  direct  benefit  to  vehicle  weight 
and  cost  reduction,  such  as  aluminum  die-casting,  high-throughput  hole-making,  and 
springback  predictability,  have  not  received  funding  from  the  National  Instimte  for  Science 
and  Technology  under  the  Advanced  Technology  Program.  The  uncertainty  of  government 
funds  is  forcing  the  manufacmring  teams  to  narrow  the  scope  of  the  16  selected  programs. 

Demonstrating  the  reliability  of  new  manufacmring  technologies  in  a  commercial 
environment  requires  time.  The  choice  of  promising  Goal  3  technologies  for  selection  in  1997 
may  well  be  limited  by  the  absence  of  Goal  1  proven  manufacmring  processes  that  offer 
significant  time  and  cost  advantages.  Increased  flexibility  in  assigning  funds  to  the  most 
critical  programs  would  minimize  this  concern. 
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GOAL  2 

Projects  in  suppon  of  Goal  2  (implement  coimnercially  viable  innovations  from 
ongoing  research  on  conventional  vehicles)  span  the  time  horizon  from  near-term  applications 
in  current  production  vehicles  to  research  and  development  that  might  enhance  the  feasibility 
of  Goal  3  technology  selections,  besides  being  applied  to  conventional  vehicles.  A  variety  of 
projects— many  involving  several  of  the  national  laboratories— are  being  carried  out  imder  the 
auspices  of  the  USCAR  consortia  (see  appendix  D).  Additional  programs  are  being  conducted 
individually  by  Chrysler,  Ford,  and  General  Motors.  Many  of  the  Goal  2  projects  grew  out  of 
USCAR  collaborative  activities  that  were  in  place  prior  to  the  establishment  of  PNGV.  Several 
workshops  have  been  held  to  develop  a  priority  list  of  fuel-economy-related  research 
objectives  and  over  60  different  development  areas  have  been  identified  and  prioritized. 

A  number  of  Goal  2  powertrain  projects  are  being  conducted  within  the  USCAR  Low 
Emission  Partnership  (LEP).  The  LEP  encompasses  a  wide  variety  of  developments  spanning 
the  field  from  evaporative  emissions,  fuel  preparation  and  metering,  through  combustion,  and 
on  to  after-treatment  and  in-use  compliance.  Five  national  laboratories  are  actively  involved, 
each  with  appropriate,  well-defined  projects  aimed  at  hastening  near-term  application  of  their 
technologies  and  support  of  the  emission  reduction  needs  of  some  of  the  Goal  3  vehicles. 
Additional  projects  are  under  development  with  NASA.  Cooperative  Research  and 
Development  Agreements  (CRADAs),  which  target  powertrain  development  needs,  also  exist 
between  individual  companies  and  some  national  laboratories.  Some  of  this  activity  is  not 
categorized  as  precompetitive. 

Major  areas  of  progress  in  Goal  2  include  the  following: 

•  successful  crash  testing  of  a  Ford  Escort  vehicle  with  a  front  end  made  of 
composite  material,  which  provided  information  about  the  behavior  of 
composite  vehicle  structures  under  crash  conditions 

•  completion  of  the  design  of  a  truck  pick-up  box  using  composite  material, 
with  projected  28  percent  weight  saving  compared  with  a  steel  strucmre 

•  production  of  prototype  test  sections  of  dual-wall,  stainless-steel  manifolds 
using  a  new  superplastic  forming  process  for  stainless  steel.  The  PNGV  is 
investigating  energy-conserving,  double-wall  exhaust  manifolds  to  reduce 
cold-start  emissions. 

•  development  of  novel  hydrous  metal  oxides  for  sulfur-resistant  NO, 
reduction  catalysts  and  a  new  cleaning  process  for  zeolite  catalysts 

There  is  some  concern  among  the  PNGV  industry  partners  that  fumre  decisions 
regarding  funding  for  CRADAs  supporting  Goal  2  may  not  be  consistent  with  PNGV 
priorities.  U.S.  Department  of  Energy  (DOE)  program  managers  and  industry  technical 
representatives  planned  to  participate  in  an  exploratory  meeting  in  early  January  1996  to 
discuss  technical  priorities  and  examine  oppormnities  for  reallocating  resources  in  support  of 
PNGV  technical  objectives. 
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As  noted  elsewhere  in  this  report,  because  of  the  lack  of  quantitative  objectives  for 
Goals  1  and  2  and  the  time  constraints,  the  committee  has  not  performed  a  detailed 
examination  of  the  objectives  and  status  of  these  Goal  2  projects.  The  committee's  focus  has 
largely  been  on  the  PNGV  programs  for  Goal  3. 


ISSUES 

The  committee  noted  that  Goal  1  and  2  programs  carry  substantially  less  technical  risk 
than  Goal  3  programs.  In  addition,  considerably  less  PNGV  effort  is  being  applied  to  the 
former  activities.  Nonetheless,  progress  is  being  made  towards  meeting  Goal  1  and  Goal  2 
objectives,  with  technological  advances  and  achievements  being  introduced  into  production  as 
they  occur.  The  committee's  main  concern  regarding  Goal  1  and  2  programs  continues  to  be 
the  absence  of  quantitative  objectives.  This  deficiency  complicates  any  attempt  to  assess 
progress. 
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The  challenge  for  materials  technology  is  to  support  a  dramatic  reduction  in  vehicle 
weight  to  achieve  the  PNGV  goal  of  up  to  three  times  today's  fuel  economy.  Lighter  weight 
PNGV  vehicles  should  maintain  the  performance,  size,  utility,  and  cost  of  ownership  of 
today's  comparable  vehicles,  and  their  operation  should  meet  or  exceed  federal  safety  and 
emissions  requirements.  The  sensitivity  of  vehicle  weight  to  the  efficiency  needs  of  the 
powertrain  is  depicted  in  figure  5-1.  An  ability  to  achieve  in  excess  of  40  percent  vehicle  mass 
reduction  could  reduce  the  demands  for  power  source  thermal  efficiency  from  over  50  percent 
to  approximately  40  percent.  At  a  vehicle  mass  reduction  of  40  percent,  advanced  conventional 
power  sources  have  the  potential  to  attain  the  necessary  thermal  efficiency  to  reach  the 
objective  of  three  times  today's  fuel  economy.  Thermal  efficiencies  of  approximately  40 
percent  are  associated  with  more  mature  power  sources,  which  are  the  most  likely  to  meet  the 
necessary  performance  requirements  within  the  PNGV  timeframe.  At  the  other  end  of  the 
scale,  power  sources  with  much  higher  efficiencies,  such  as  fuel  cells,  may  be  less  demanding 
in  terms  of  needed  vehicle-mass-reduction  requirements  but  are  relatively  immamre  in  their 
development  and,  hence,  have  a  lower  probability  of  meeting  PNGV  schedules. 


THE  PNGV  APPROACH 

The  objectives  for  vehicle  mass  reduction  in  support  of  the  PNGV  Goal  3  vehicle  have 
now  been  established,  as  shown  in  table  5-1.  In  pursuit  of  these  objectives,  the  PNGV  vehicle 
engineering  team  is  directing  manufacmring,  materials,  and  system  analysis  teams  in  support 
of  subsystem  development.'  Directives  are  established  through  workshops  where  the  PNGV 
technical  teams  and  vehicle  engineers  identify  potential  materials  and  applications.  Challenge 
tables  have  been  created  to  prioritize  developments  needed  to  support  technology  selection  in 
1997.  These  tables  compare  present  state-of-the-art  technologies  with  PNGV  requirements.  A 
series  of  workshops  has  been  held  with  materials  suppliers  to  identify  materials  research 
projects   in  response   to   the  developments   identified   in  the   challenge   tables.    Workshop 


Assumes  use  of  hydrogen  fuel  stored  onboard  the  vehicle. 
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The  PNGV  technical  organization  structure  is  addressed  in  chapter  9. 
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panicipants  arc  encouraged  to  submit  white  papers  outlining  their  proposed  research. 
Opportunities  may  exist  to  leverage  materials  developments  in  non-automotive  areas-notably 
in  the  aerospace  sector-in  pursuit  of  PNGV  goals.  Advanced  alloys,  ceramics,  and  composite 
materials  developed  for  a  range  of  high-performance  applications  may  offer  potential  for 
automotive  use. 


Vehicle  Mass  Reduction  (%) 

y^^^^L           Design  Space 
^^^^^k    A     for  breakthrough 

40                                         50                                              60 

Power  Source  Thermal  Efllciency 

HGURE  5-1   PNGV  design  space.   SOURCE:  PNGV,  1995. 


MATERIALS  OPTIONS 


Three  candidate  materials  have  now  been  identified  for  body  structure;  namely,  steel, 
aluminum,  and  graphite  fiber-reinforced,  polymer-matrix  composites  (GFRP).  Many 
opportunities  exist  to  develop  improved  materials  for  candidate  powertrain  components,  such 
as  fuel  cells,  flywheels,  and  ultracapacitors.  However,  no  major  studies  in  this  area  have  yet 
been  initiated  by  the  PNGV  Materials  and  Structures  Team.  Therefore,  the  present  discussion 
is  limited  to  materials  for  vehicle  body  strucmre. 


Body 

1,134 

Chassis 

1,101 

Powertrain 

868 

Fuel/Other 

137 

Curb  Weight 

3,240 
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TABLE  5-1  Vehicle  Mass  Reduction  Targets  for  PNGV  Goal  3  Vehicle 

System Current  Vehicle  (lb) PNGV  Vehicle  Target  (lb) %  Mass  Reduction 

566  50 

550  50 

781  10 

63  55 

1^^960 40 

SOURCE:  PNGV,  1995. 


Steel 

Steel  is  the  dominant  material  in  use  today  for  automotive  body  structures.  Efforts 
sponsored  by  the  American  Iron  and  Steel  Institute  (AISI)  are  imderway  to  reduce  the  weight 
of  steel-intensive  vehicles  by  20  percent  or  more  through  improved  design  techniques, 
advances  in  manufacturing  technology,  and  wider  use  of  high-strength  steels.  An  analytical 
study  by  the  Ultralight  Steel  Auto  Body  international  consortium  forecasts  a  weight  of  205  kg 
(450  lb)  for  a  body-in-white,''  based  on  incorporation  in  the  design  of  off-the-shelf,  near-term 
approaches  that  relate  primarily  to  Goals  1  and  2  (Martin,  1995).  Although  increased  use  of 
high-strength  steel  was  included  in  the  smdy,  weight  reductions  were  achieved  primarily 
through  design  approaches  rather  than  new  materials.  Such  considerations  are  applicable  to 
other  metallic  materials.  Current  activities  form  a  basis  for  exploring  and  using  more  advanced 
technologies  directed  toward  Goal  3  needs. 

Ongoing  smdies  are  investigating  steel-based  materials  with  improved  strength, 
ductility,  and  stiffhess-to-weight  ratio;  methods  for  strengthening  after  forming  are  also  being 
considered.  Manufacmring  smdies  are  addressing  increases  in  production  rates  for  new 
processes  for  stamping  and  assembly,  including  challenges  in  joining  dissimilar  materials,  such 
as  the  welding  of  steel  to  aluminum.  A  major  focus  is  the  development  of  a  systems-based 
design  approach  that  can  be  implemented  on  a  desktop  computer-aided  design  system  rather 
than  requiring  a  mainframe  supercomputer,  with  associated  accessibility  problems.  An 
important  issue,  yet  to  be  addressed  by  the  PNGV,  relates  to  the  design  process  and  how 
systems  analysis  will  be  used  to  evaluate  tradeoffs  between  various  objectives  for  materials  and 
components.  The  specification  of  low-cost  conventional  materials  in  some  areas  can  be 
balanced  with  high-cost  advanced  materials  in  other  areas  to  achieve  targeted  vehicle  weight 
reductions  optimized  with  respect  to  cost  (both  piece  and  life  cycle). 

Available  data  and  information  on  plaimed  programs  indicate  that  20  percent  overall 
vehicle  mass  reduction  would  be  a  very  challenging  objective  for  steel  (Sherman,  1995). 
However,  the  advantages  of  this  material  are  that  it  is  the  lowest  cost  material  (per  pound)  of 
the  three  candidates;  it  has  the  largest  technical  experience  base  for  automotive  strucmres;  and 
it  would  not  need  either  the  added  investments  in  new  manufacmring  processes  required  for 
aluminum  or  the  major  investments  necessary  to  support  GFRP. 


'  Defined  as  the  vehicle  assembly,  comprising  the  assembled  but  impainted  body,  excluding  glass,  trim,  and 
chassis  items. 
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Aluminum 

The  intensive  use  of  aluminum  is  forecast  to  yield  weights  close  to  target  values  for  the 
overall  vehicle.  However,  based  on  current  manufacturing  practices,  it  is  unlikely  the  target 
weight  can  be  achieved  within  the  PNGV  timeframe  with  no  cost  increase.  While  the  forecast 
weight  savings  for  aluminum  usage  are  not  controversial,  the  outstanding  tasks  listed  by  the 
PNGV  suggest  that  more  data  are  needed  on  the  strength  of  aluminum  weld  bonds  and 
crashworthiness  of  the  aluminum  intensive  vehicles  (Sherman,  1995).  Weight  reductions  of  up 
to  45  to  50  percent  for  body/chassis  are  considered  attainable,  based  in  part  on  supporting  data 
from  Ford's  Aluminum  Intensive  Vehicle  (ATV)  design  and  testing  program,  which  included 
crash  vehicles  (Sherman,  1995). 

Analysis  by  the  PNGV  Materials  and  Structures  Team  suggests  that,  taking  into 
account  potential  weight  savings,  a  cost  of  $l/lb  for  aluminum  sheet  would  be  competitive 
with  steel  for  vehicle  strucmral  applications.  Data  from  recent  experimental  manufacturing 
snidies  for  sheet  aluminum  should  be  helpful  in  assessing  the  feasibility  of  meeting  the  $l/lb 
cost  target.  Recent  workshops  with  aluminum  suppliers  will  likely  yield  many  white  papers  on 
technical  issues,  together  with  suggestions  for  materials  solutions  that  can  be  investigated  in 
the  coming  year  (Sherman,  1995).  Broader  questions  to  be  addressed  (through  systems 
analysis)  relate  to  the  life-cycle  cost  of  aluminum,  that  is,  the  overall  cost  from  mining  of 
bauxite  ore  through  use,  recycle,  and  reuse;  and  to  the  availability  of  bauxite  ore,  smelters, 
and  material  formers  to  meet  the  requirements  of  a  potential  aimual  market  in  the  United  States 
for  15  million  aluminum-intensive  vehicles. 


Composites 

The  PNGV  has  developed  a  challenging  vision  statement  for  composite  materials  as 
follows:  "To  develop  and  demonstrate  reinforced  polymer  composite  manufacturing  processes 
capable  of  producing  complex,  high-volume  vehicle  strucmres  at  low  cost,  which  meet  all 
manufacmring  and  vehicle  performance  requirements." 

There  are  major  design  and  manufacturing  process  changes  involved  in  transitioning 
firom  a  steel-based  to  a  composite-based  vehicle.  The  design  of  the  body  strucmre  has  to  be 
approached  quite  differently  to  take  advantage  of  the  unique  properties  of  GFRP  and  the 
relationship  of  specific  manufacmring  details,  to  final  in-service  performance  of  one 
component,  as  well  as  the  ability  to  integrate  two  or  more  existing  components  into  one.  For 
composites,  manufacturing  details,  such  as  the  method  of  fiber  preform  fabrication,  fiber 
architecture,  fiber  angle,  braid  material  properties,  and  molding  processes,  as  well  as  the 
choice  of  fiber  and  resin  systems,  can  be  manipulated  to  alter  substantially  the  in-service 
performance  of  a  component.  Thus,  unlike  most  automotive  strucmral  metallic  materials,  for 
which  the  manufacturing  processes  generally  provide  simply  a  means  for  attaining  a  specific 


High  volume  is  defined  to  be  greater  than  250.000  units.  The  low-cost  requirement  refers  to  the  cost  in  an 
assembled  vehicle. 
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geometrical  shape,  the  manufacturing  process  for  composites  is  an  essential  determinant  of 
both  the  properties  and  geometry  of  a  finished  part.  Thus,  an  integrated  product  design 
approach  to  composite  applications  in  automotive  structures  is  required  to  evaluate  adequately 
the  cost  effectiveness  of  composites  in  meeting  the  cost  and  performance  requirements  for 
Goal  3.  Investigations  of  such  product  design  approaches  are  underway  in  the  USCAR 
Automotive  Materials  Partnership  (appendix  D). 

Intensive  use  of  GFRP  could  readily  meet  the  50  percent  body  and  chassis  weight- 
reduction  target  for  a  Goal  3  vehicle,  but  today's  price  of  $8  to  $15/lb  for  graphite  fibers 
would  result  in  a  major  cost  penalty  of  approximately  $6,000  per  vehicle.  Current  projections 
suggest  that  an  annual  demand  for  one  billion  pounds  of  graphite  fiber  could  drive  its  cost 
down  to  between  $3/lb  and  $5/lb,  within  reach  of  the  PNGV  cost  targets  (Michno,  1995). 
Testing  of  glass-fiber-reinforced  composites  using  a  Ford  Aerostar  vehicle  underbody 
crossmember  has  shown  high-volume  potential  for  lower  cost,  recyclable,  structural  resin- 
injection-molded  composites. 

Limited  progress  has  been  reported  by  PNGV  to  date  in  establishing  the 
crashworthiness  of  composite  strucmres  in  front,  side,  and  rear  collisions.  Crash  energy 
management  needs  to  be  resolved  with  extremely  high  confidence.  Computer  simulation  of 
crash  events  for  composite  materials  cannot  currently  be  made  with  confidence.  Consequently 
a  large  number  of  prototypes  must  be  built  and  crashed  under  a  variety  of  conditions  that  can 
occur  in  the  field  to  develop  the  databases,  computer  models,  and  analytical  methods  needed  to 
provide  a  reliable  predictive  capability.  However,  such  tests  cannot  be  performed  until  the 
matrix  resin  for  the  composite  has  been  selected.  The  choice  of  resin  also  greatly  influences 
recycling  methods,  as  well  as  joining  and  repairability  techniques. 


ISSUES 

The  PNGV  has  planned  its  next  steps  towards  achieving  the  desired  materials 
objectives  as  follows: 

•  Based  on  white  papers  developed  following  the  supplier  workshops,  help 
initiate  research  projects  with  materials  suppliers  and  other  organizations 
aimed  at  meeting  the  challenges  for  aluminum  and  composite  vehicles. 

•  Work  with  the  AISI  to  develop  structural  concepts  for  steel  vehicles  and 
define  materials  challenges  and  research  needs. 

•  Pursue  activities  defined  in  the  Technical  Roadmap  for  chassis  and 
powertrain  materials.  The  powertrain  technical  teams,  materials  suppliers, 
universities,  and  government  laboratories  will  be  involved  in  these  activities. 

The  committee  concluded  that  progress  towards  the  PNGV  materials  objectives  has 
clearly  been  made  through  the  process  (challenge  tables,  supplier  workshops,  white  papers, 
etc.)  established  by  the  Materials  and  Structures  Team,  and  through  the  work  of  the  USCAR 
Automotive  Materials  Partnership.  Materials  suppliers  are  major  supporters  of  the  program 
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and  arc  investing  heavily  in  technology  development  for  both  metals  and  composites,  including 
innovative  processing  techniques.  In  panicular,  the  PNGV  materials  program  has  made 
significant  progress  in  developing  steel  and  aluminum  for  strucniral  automotive  applications. 

Despite  some  progress,  the  composites  program  is  lagging,  with  no  clearly  scheduled 
activities  that  would  enable  this  class  of  materials  to  be  viable  alternatives  to  steel  and 
alummum  by  1997.  To  assess  adequately  the  potential  of  composites  to  meet  program 
objectives,  vis-a-vis  high-strength  steel  or  aluminum,  the  PNGV  team  needs  to  place  high 
priority  on  an  integrated  composites  evaluation  program  involving  feature-based  computerized 
design,  analysis  of  manufacmring  costs  and  tradeoffs,  modeling  of  composite  automotive 
structure  performance  under  impact,  and  the  evaluation  of  newly  developed  manufacturing 
technology  oriented  towards  low-cost,  high-volume  production. 


RECOMME>a)ATIONS 

Recommendation.  The  systems  analysis  effort  recently  initiated  by  the  PNGV 
should  be  used  to  drive  the  optimization  of  materials  usage  for  the  various 
vehicle  components  based  on  part  configuration  tradeoffs  and  on  incorporation 
of  data  on  manufacturing  costs,  structural  effectiveness,  recyclability,  and  other 
properties. 

Recommendation.  The  USCAR  should  continue  to  use  the  process  it  has 
developed— incorporating  its  substantial  leverage  through  integrated  industry 
programs— to  pursue  the  very  promising  developments  in  steel  and  aluminum 
materials  made  by  materials  suppliers  and  trade  associations.  The  development 
of  innovative  manufacturing  processes  for  aluminum  and  steel  should  be 
encouraged  and  accelerated. 

Recommendation.  The  PNGV  should  establish  an  integrated  product  design 
program  to  provide  better  evidence  for  the  advantages  and  viability  of  using 
polymer-based  composites  for  automotive  body  strucmres.  The  program  should: 

•  Develop  computerized  feamre-based  design  and  decision  support  tools  to 
enable  an  integrated  product  design  evaluation  of  the  cost  effectiveness  of 
composites  for  vehicle  structural  applications. 

•  Validate  the  projected  cost  of  $3  to  $5/lb  at  high-volume  through  production 
process  pilots. 

•  Address  the  development  of  a  database  and  models  to  establish  the 
crashworthiness  of  composite  structures. 

•  Take  into  account  relevant  experience  with  composites  in  the  aerospace 
industry. 
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The  approach  adopted  to  date  by  the  PNGV  (materials  workshops,  white 
papers,  etc.)  should  be  pursued  on  an  accelerated  schedule  as  a  basis  for 
establishing  the  above  program. 
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POWERTRAIN  TECHNOLOGIES  BEING  STUDIED 

Research  that  provides  substantial  improvement  in  the  efficiency  of  powertrains 
compared  with  that  of  current  commercial  systems  is  crucial  to  the  success  of  the  PNGV.  The 
importance  and  difficulty  of  achieving  this  improvement  is  underscored  by  the  fact  that,  after 
almost  100  years  of  internal  combustion  engine  refinement  and  improvement,  typically,  only 
12  to  20  percent  of  the  energy  in  the  fiiel  used  reaches  the  wheels  to  propel  today's  passenger 
cars.  To  meet  PNGV  goals,  roughly  a  twofold  improvement  in  powertrain  efficiency  must  be 
achieved  while  retaining  the  size,  reliability,  durability,  safety,  and  affordability  of  today's 
cars;  meeting  even  more  stringent  emissions  and  recyclability  levels;  and  employing 
components  capable  of  being  mass  produced  and  maintained  in  a  manner  similar  to  current 
powertrains. 

Even  when  combined  with  reductions  in  vehicle  mass,  aerodynamic  drag,  tire  rolling 
resistance,  and  other  energy-saving  vehicle  design  parameters,  the  PNGV  technical  team 
estimates  that  achieving  the  Goal  3  fuel  economy  target  (up  to  three  times  fuel  efficiency  of 
today's  comparable  vehicle)  will  require  a  powerplant  with  at  least  40  percent  thermal 
efficiency  (PNGV,  1995).  Achieving  this  efficiency  by  incremental  improvements  to  current 
gasoline  engines  is  unlikely.  Therefore,  a  variety  of  alternative  energy  conversion  devices  and 
drivetrain  components  are  being  considered  by  the  PNGV.  None  of  these  alternatives  is,  at 
present,  suitable  for  passenger  car  application  without  further  development.  Moreover,  many 
combinations  are  possible;  therefore,  system  tradeoff  analyses  must  be  performed  to  fully 
understand  the  fuel  efficiency  potential  of  each.  For  instance,  adding  hybrid  and  regenerative 
braking  driveline  components  reduces  the  powerplant  efficiency  gain  needed  for  the  PNGV 
Goal  3  vehicle  but  increases  the  size,  weight,  complexity,  and  cost  of  the  complete  powertrain. 
This  kind  of  first-order  qualitative  analysis  has  resulted  in  the  powertrain  technologies  listed 
below.  These  technologies  are  currently  being  pursued  by  PNGV  for  Goal  3  vehicles,  all  of 
which  will  operate  as  hybrid  systems. 


The  term  driveline  (or  drivetrain)  typically  refers  to  the  transmission  system  from  engine  output  shaft  to  driven 
road  wheels. 
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The  powertrain  technologies  being  pursued  by  the  PNGV  for  Goal  3  vehicles  are  as 
follows: 

•  four-stroke  DICI  engines 

•  gas  turbines 

•  Stirling  engines 

•  fuel  cells 

•  reversible   energy-storage   devices   (namely,   batteries,    flywheels   and 
ultracapacitors) 

•  electrical  and  electronic  power-conversion  devices 

Hybrid  powertrain  systems  are  attractive  to  increase  powertrain  efficiency  for  two 
reasons.  When  combined  with  a  suitable  energy-storage  device,  these  systems  allow  the 
possibility  of  recovering  a  significant  portion  of  the  kinetic  energy  of  the  vehicle  as  it 
decelerates.  They  also  allow  the  primary  energy  converter  (engine  or  fuel  cell)  to  be  smaller 
and  to  operate  under  load  and  speed  conditions  that  are  independent  of  the  vehicle's  immediate 
needs.  This  reduces  its  size  and  permits  its  efficiency  to  be  optimized.  In  addition,  this 
arrangement  allows  an  engine  to  operate  at  a  speed  and  load  that  are  independent  of  the 
vehicle,  and  increases  the  feasibility  of  using  powerplants  that  would  otherwise  be  unsuitable 
for  passenger  vehicles.  Emissions  can  also  be  reduced  significantly,  especially  at  starmp  when 
the  car  can  start  without  the  engine. 

Both  series  and  parallel  hybrid  configurations  are  being  considered.  In  the  series 
configuration,  all  of  the  engine  power  is  transmitted  to  the  wheels  through  electric  machines. 
In  a  parallel  configuration,  the  engine  supplies  some  power  directly  to  the  drive  wheels 
through  a  mechanical  transmission,  and  this  is  supplemented  by  electrical  machines  and  an 
electrical  power  source.  Continuously  variable  transmissions  (CVTs)  allow  the  relationship 
between  engine  speed  and  vehicle  speed  to  be  changed  at  will  and  are  candidates  for  the 
parallel  hybrid  application.  It  appears  that  little  or  no  work  with  respect  to  CVTs  is  being 
conducted  on  behalf  of  the  PNGV  program  in  the  United  States.  However,  foreign  firms  are 
continuing  to  develop  such  transmissions  (Dancey,  1995;  Liebrand,  1995).  The  committee, 
therefore,  believes  that  these  developments  should  continue  to  be  incorporated  into  the  PNGV 
agenda. 

Under  Goal  2,  the  PNGV  is  pursuing  a  number  of  powertrain-related  developments 
with  varying  levels  of  effort.  Some  of  these  are  also  applicable  to  Goal  3  requirements, 
notably: 

•  various  emission  reduction  mechanisms 

•  high  dynamic  range  engines 

•  high  expansion  ratio  engines 

•  direct  injection  diesels 

•  spark  ignition  engines 


266 


Powirtraiit  Developments  ^^ 

•  fuel  changes  to  improve  efficiency  and  reduce  emissions 

•  wide  ratio  and  continuously  variable  transmissions 

•  reduced  engine  and  driveline  losses 

The  PNGV  has  concluded  that  gasoline  spark-ignited,  internal-combustion  engines  and 
straight  electric  vehicles  (as  opposed  to  hybrid  electric  vehicles)  do  not  have  the  potential  to 
satisfy  Goal  3  requirements  within  the  PNGV  time  frame  (see  appendix  E).  The  committee 
concurs  with  this  conclusion,  based  on  its  understanding  of  the  status  of  the  associated 
technologies.  However,  improvements  in  the  spark-ignited  reciprocating  engine  continue  to  be 
pursued  under  Goal  2.  Likewise,  the  USCAR  partners  are  pursuing  electric  vehicles  as 
independent  developments. 

The  committee  concurs  that  the  technologies  listed  above  are  relevant  and  appropriate 
choices.  It  is  not  obvious  to  the  committee  that  any  high  potential  candidates  have  been 
overlooked.  At  this  time,  however,  there  is  no  methodology  or  comprehensive  study  that 
justifies  PNGV's  technology  slate  on  the  basis  of  potential  gains  and  probability  of  success  in 
meeting  Goal  3  objectives.  Such  a  study  would  assure  that  other  equally  meritorious 
technologies  have  not  been  overlooked  and  would  provide  a  framework  for  evaluating  future 
developments.  For  this  reason,  the  committee  considers  such  a  study  to  be  worth  undertaking 
and  believes  that  the  underlying  methodology  would  be  very  useful  in  the  selection  process 
planned  to  focus  research  efforts  past  the  year  1997. 

The  PNGV  Technical  Roadmap  represents  an  important  accomplishment  during  the 
past  year  (PNGV,  1995).  This  document  includes  a  master  schedule  for  the  selection  and 
development  of  technology,  together  with  parameter  targets  that  each  major  component  must 
meet  by  the  end  of  1997,  20(X),  and  2004.  This  compilation  provides  the  technical  teams  with 
fust  order  requirements  for  performance  and  schedules.  More  refmed  systems  analyses  and 
packaging  studies  are  still  needed  to  provide  detailed  specifications  for  each  component  and  to 
enable  interface  and  tradeoff  studies  between  them.  Although  these  analyses  and  studies  are 
just  starting  on  a  cooperative  basis  in  PNGV,  the  individual  car  companies  (Chrysler,  Ford, 
and  General  Motors)  have  each  conducted  proprietary  studies  of  their  own. 

The  absence  at  USCAR  of  any  comprehensive  systems  analyses  and  quantified 
assessments  of  development  risks  for  the  technologies  under  consideration  by  PNGV  means 
that  resource  allocation  for  the  technology  program  must  be  based  mainly  on  the  past 
experience  of  the  industry  partners.  However,  the  PNGV  program  involves  technologies 
without  automotive  precedent  and  requires  breakthroughs  in  both  new  and  existing  automotive 
technologies.  Therefore,  the  committee  believes  the  acquisition  of  effective  systems  analysis 
capability  and  tools  at  USCAR  should  be  a  very  high  priority  for  the  PNGV.  For  example, 
systems  analysis  models  must  be  sufficiently  sophisticated  to  address  safety  issues  for  hybrid 
vehicles,  which  will  need  to  meet  all  the  safety  requirements  for  conventional  automobiles. 
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KEY  TECHNOLOGY  SUMMARIES 
Four-Stroke  Direct  Injection  Compression  Ignition  Engines 

Development  objectives  for  the  thermal  efficiency,  specific  weight  and  specific  power, 
cost,  durability,  NO,,  and  particulate  emissions  of  the  Direct  Injection  Compression  Ignition 
(DICI)  engine  have  been  clearly  specified  and  compared  to  today's  engines  that  use  diesel  fuel 
in  the  PNGV  Technology  Roadmap.  This  set  of  objectives  provides  a  basis  against  which  to 
evaluate  the  adequacy  of  the  program  effort  to  achieve  the  needed  improvements.  A  thermal 
efficiency  improvement  of  8.4  percent  (from  41.5  to  45  percent)  is  sought,  but  a  gain  of  40 
percent  in  specific  power  is  targeted  to  minimize  the  higher  weight  associated  with  structures 
to  contain  the  high,  peak  cylinder  pressures  typical  of  these  engines.  The  targeted  emissions 
reductions  of  50  percent  in  particulates  and  67  percent  in  NO,  appear  to  be  the  most 
challenging  of  the  objectives.  A  them-il  efficiency  of  45  percent  will  still  require  a  very  large 
mass  reduction  in  the  vehicle  to  achieve  a  threefold  increase  in  fuel  economy.  This  may  force 
the  use  of  expensive  composite  structural  materials,  which  puts  pressure  on  the  cost  target. 

PNGV  progress  to  date  has  been  limited  to  benchmarking,  target  setting,  and  analytical 
studies  with  engine  subsystem  development  scheduled  to  begin  at  the  end  of  1995.  Some  diesel 
engine  research  programs  were  underway  prior  to  1994  between  the  federal  laboratories  and 
USCAR,  and  program  proposals  were  made  to  the  DOD,  Tank  Automotive  Command 
(TACOM)  for  funding  in  alternate  fuels,  engine  strucmre,  and  materials  tradeoffs.  These 
activities  are  now  coordinated  by  the  PNGV.  In  addition  to  these  efforts,  some  of  the  domestic 
original  equipment  manufacturers  (OEMs)  have  substantial  in-house,  largely  overseas,  DICI 
engine  development  programs.  The  objectives  of  these  in-house  programs  are  being  realigned 
to  address  the  specific  needs  of  a  smaller  displacement,  light-duty  engine  for  the  PNGV  hybrid 
vehicle  application.  The  most  promising  advancement  noted  by  the  committee  in  these 
programs  has  been  the  demonstration  of  a  lean  NO,  catalyst  with  improved  steady-state  peak 
efficiency.  This  result  has  come  from  the  cooperation  of  five  national  laboratories  and  three 
OEMs  through  the  USCAR  Low  Emission  Partnership.  An  effective,  durable,  low-cost,  lean 
NO,  catalyst  would  substantially  improve  the  commercial  practicality  of  both  the  DICI  and  the 
lean-bum,  spark-ignited  engine. 

Progress  in  the  diesel  research  programs  now  being  considered  by  the  PNGV  appears 
to  the  committee  to  be  commensurate  with  the  limited  funding  available  to  date.  However, 
requests  by  the  DOE  to  fund  hybrid  vehicle  systems  and  light-duty  engine  development  have 
been  reduced  for  FY  1996.  A  detailed  milestone  list  and  schedule  have  been  developed,  and 
the  program  is  about  to  begin  an  intensive  and  expensive  engine  subsystem  hardware 
evaluation.  The  cost  of  building  and  testing  advanced  fuel  systems,  cylinder  heads  for 
combustion  development  and  engine-out  emission  reduction,  in  addition  to  the  development  of 
unique  exhaust  treatment  systems,  will  far  exceed  the  funds  available.  Significant  results  from 
such  testing  must  be  obtained  to  support  an  appropriate  technology-selection  decision  in  1997 
by  the  PNGV  prior  to  continued  development  for  the  concept  and  production  prototype 
vehicles. 


268 


45 

Fowertrain  DevelopmenU 

Commercialization  of  an  advanced  DICI  engine  will  be  highly  dependent  upon  the 
ultimate  exhaust  emission  standards  that  are  promulgated.  If  the  standards  are  set  to  be  more 
strmgent  than  the  current  ultra  low  emission  vehicle  (ULEV),  DICI  engines  could  essentially 
be  ruled  out  of  the  marketplace.  Possible  tightening  of  particulate  emissions  standards  in  the 
future,  given  (1)  new  knowledge  on  the  health  impacts  resulting  from  particulate  pollution  and 
(2)  public  concerns  about  pollution  from  heavy-duty  diesel  trucks  and  buses,  would  also  affect 
the  commercialization  of  advanced  DICI  engines.  The  DICI  engine  development  will  also  have 
to  overcome  the  label  of  a  "conventional  engine"  development  program.  In  the  committee's 
view,  a  variable  geometry  turbocharged,  direct-injected,  variable-swirl,  compression-ignition 
engine  with  a  unique  lightweight  strucmre,  complex  high-pressure  fuel  system,  using 
sophisticated  electronic  controls  and  exhaust  after  treatment  should  not  in  any  way  be 
considered  "conventional."  It  currently  is  the  most  promising  alternative  to  achieve  the  goals 
of  the  PNGV  program  within  the  prescribed  time  frame. 


Gas  Turbine  Engines 

Gas  turbine  engines  have  been  identified  as  one  of  the  most  promising  technologies  for 
the  hybrid  vehicle.  The  primary  reasons  for  this  are  the  very  high  power-to-weight  ratio  of  gas 
mrbines,  the  relatively  low  uncontrolled  exhaust  emissions,  and  die  fact  that  gas  mrbines  can 
use  virtually  any  type  of  fuel. 

In  general,  R&D  within  and  outside  the  PNGV  has  demonstrated  progress  in 
developing  gas  mrbine  engines  for  automotive  applications.  Partly,  this  is  because  of  the 
enormous  advances  in  automotive  electronics  and  precision  control  capability  that  can  now  be 
applied  to  the  gas  mrbine  system.  Among  the  most  notable  achievements  are  the  turbo- 
alternator  designs  and  fuel  and  control  systems  developed  by  Allied  Signal  and  Allison.  There 
is  also  the  expectation  that  high-performance  bearings  that  do  not  require  oil  are  far  enough 
along  in  development  to  be  considered  practical  for  gas  turbine  applications.  Other  areas 
where  significant  progress  has  been  made  are  in  the  area  of  combustion— especially  reducing 
emissions  through  staged  burners— and  post-combustion  controls  through  use  of  catalytic 
converters  and  the  pre-heating  of  catalytic  converters  and  other  components  by  energy-storage 
systems;  heat  recovery  systems,  especially  smaller,  lighter  weight  heat  exchangers  and  better 
seals;  and  in  the  design  of  high-efficiency,  low-cost  alternators. 

In  each  of  the  areas  mentioned,  PNGV  has  made  some  advances  in  the  past  year. 
However,  with  the  possible  exception  of  the  fuel  control  system,  the  pace  of  achievements  in 
these  areas— and  also  in  reducing  costs— is  as  yet  insufficient  to  predict  at  this  time  an 
unequivocal  technology  selection  decision  by  1997. 

PNGV's  progress  to  date  is  behind  schedule,  in  part  for  budgetary  reasons.  There  have 
also  been  major  technical  roadblocks.  Among  these  are  the  critical  issues  of  manufacturing 
reproducibility  of  high-temperamre,  strucmral-ceramic  components  and  the  aerodynamic 
design  of  small  compressors  and  mrbines  with  sufficiently  high  efficiency  in  the  relatively  low- 
power  hybrid-vehicle  applications.  Turbine  inlet  temperatures  of  around  2,500°F  (l.STCC) 
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(i.e.,  above  normal  operating  temperanires  for  conventional  turbine  blades)  are  essential  to 
achieve  the  thermal  efficiency  required  to  meet  Goal  3  performance  targets.  Achieving  these 
targets  requires  either  ceramic  blades,  which  must  also  provide  the  strength,  anti-erosion,  and 
other  characteristics  necessary  for  durability,  or  active  cooling.  Cooling  is  not  promising  in 
such  small  components  and,  as  far  as  the  committee  is  aware,  is  not  being  considered  to  any 
great  extent  within  the  PNGV.  Although  some  aircraft  gas  turbines  operate  above  2,500°F 
(1,370°C),  it  is  the  committee's  understanding  that  efforts  to  adapt  this  technology  for 
automotive  powerplants  have  not  been  successful  to  date. 

The  pursuit  of  ceramic  materials  for  high-temperature  turbomachinery  has  a  long 
history  and  has  yielded  advances  in  the  knowledge  base.  Indeed,  many  millions  of  dollars  have 
been  spent  over  many  years  in  this  area  in  support  of  automotive  and  military  projects, 
especially  in  the  United  States.  Unfortimately,  in  spite  of  this  sizable  effort,  no  satisfactory 
materials  or  fabrication  techniques  have  been  found  that  could  extend  to  the  type,  size,  and 
cost  requirements  of  engines  suitable  for  the  PNGV  application.  Specifically,  the  material 
technology  is  expensive,  even  for  the  raw  materials  alone.  Also,  the  process  of  forming  them 
into  the  proper  shapes  is  costly.  There  are  problems  in  reducing  the  ceramic  components  to  the 
size  required,  while  still  meeting  the  essential  performance  criteria  (e.g.,  for  strength, 
durability,  and  precision). 

The  other  important  technical  issue  for  the  PNGV  gas-turbine  application  is  heat 
recovery.  To  achieve  the  efficiency  necessary,  it  is  essential  to  recover  a  significant  portion  of 
the  mrbine  exhaust  heat.  Using  heat  exchangers  to  recover  part  of  this  energy  for  transfer  back 
into  the  compressor  discharge  gas  is  difficult  and  requires  large,  heavy,  and  expensive  heat 
exchangers.  Although  progress  has  been  made  in  the  past  year,  further  work  is  needed  to 
reduce  the  size,  weight,  and  costs  of  the  necessary  heat  exchangers.  Consequently,  the  heat 
recovery  area  is  critical  and  must  be  satisfactorily  resolved  if  the  gas  turbine  is  to  be  seriously 
considered  as  a  prime  mover  within  the  PNGV  schedule. 

Gas  mrbine  engines  face  a  major  cost  hurdle  to  achieve  the  PNGV  goal.  Historically, 
high-speed,  high-temperamre  mrbomachinery  has  been  more  costly  than  less  compact,  heavier 
powerplants.  The  need  for  precision  ceramic  components  may  render  the  cost  target  difficult  to 
achieve  within  the  PNGV  time  schedule. 


Stirling  Engines 

The  Stirling  engine  is  being  considered  as  an  alternative  in  the  General  Motors  hybrid 
electric  vehicle  program.  Stirling  engines  have  some  of  the  same  advantages  as  the  gas  turbine 
engine:  exhaust  emissions  are  very  low,  and  virtually  any  fuel  can  be  satisfactorily  used. 
Earlier  attempts  to  use  this  engine  in  automotive  applications  showed  it  to  be  uncompetitive  in 
size,  weight,  and  cost.  Being  a  closed  cycle  engine,  all  of  the  heat  supplied  to  and  rejected 
from  the  engine  must  go  through  heat  exchangers,  and  this  is  a  fundamental  drawback. 
However,  development  of  this  engine  for  stationary  applications  has  continued,  and  progress 
has  been  promising  enough  that  its  use  by  the  PNGV  has  not  been  ruled  out.  In  the  absence  of 
further  information  from  the  PNGV  on  the  current  stams  of  Stirling  engine  development,  the 


270 


Powtrtrain  Developments  ^7 

conuninec  chose  not  to  comment  on  the  attractiveness  of  this  technology  other  than  noting  the 
advantages  stated  above. 

Fuel  Cells 

The  challenges  faced  for  fuel  cell  system  development  are  clearly  set  out  in  the  PNGV 
Technical  Roadmap,  which  lists  them  as:  ".  .  .cost,  efficiency.  .  .imattended  reliability  and 
durability."  In  addition  it  states,  "PNGV  cost  and  efficiency  targets  are  the  major  challenges 
for  fuel  processing,  while  cost  and  energy  density  targets  are  the  major  challenges  for 
hydrogen  storage."  System  targets  set  forth  in  the  Technical  Roadmap  include  a  peak  power 
efficiency  of  53  percent,  compared  with  an  estimate  of  45  percent  today;  and  a  power  density 
of  0.4  kW/1,  and  specific  power  of  0.4  kW/kg,  both  of  which  are  about  twice  the  estimated 
state  of  the  art  today.  It  is  important  to  note  that  the  efficiencies  quoted  above  are  based  on  the 
use  of  hydrogen  as  a  fuel.^  Since  it  is  unlikely  that  hydrogen  can  be  stored  on  board  a  vehicle 
under  the  constraints  established  by  PNGV  Goal  3,  vehicle  efficiency  calculations  based  on 
fuel  sources  may  be  more  appropriate. 

The  cost  reduction  target  is  by  far  the  most  challenging— from  over  $200  per  kW  today 
to  $30  per  kW  (in  1995  dollars)  by  2004.  Hydrogen  storage  targets  of  2  kWh/l  and  3  kWh/kg 
can  only  be  approached  with  costly  and  energy-inefficient  liquid  storage  systems.  Today,  such 
storage  of  gaseous  hydrogen  would  require  five  times  the  PNGV  target  size  and  2.7  times  the 
target  weight,  as  specified  in  the  Technical  Roadmap.  The  committee  did  not  receive  estimates 
for  the  current  size  and  weight  of  fuel  processors  for  converting  hydrocarbon  or  methanol  fuel 
to  hydrogen  on  board  the  vehicle,  but  targets  of  0.5  kW/1  and  1.0  kW/kg  have  been 
established  by  the  PNGV. 

A  wide  variety  of  fuel-cell-related  activities  have  been  sponsored  under  the  DOE  Fuel 
Cells  for  Transportation  Program.  Participants  include  the  three  USCAR  partners,  several 
national  laboratories,  private  companies,  and  universities.  There  is  general  agreement  that  the 
proton  exchange  membrane  (PEM)  fuel  cell  is  the  best  candidate  for  automotive  applications. 
The  General  Motors  program,  in  Phase  2,  is  concentrated  on  using  a  methanol  reformer  and 
has  supponed  PEM  fuel  cell  development  at  Ballard  Power  Systems,  Inc.,  in  Canada.  (The 
PNGV  Technical  Roadmap  lists  system  targets  but  not  individual  stack-power  or  energy- 
density  targets.)  The  Chrysler  and  Ford  programs  are  in  Phase  1  and  are  focused  on  reducing 
system  cost  and  addressing  hydrogen  infrastrucmre  issues,  respectively. 

Significant  progress  has  been  reported  on  membrane  and  electrode  development,  which 
has  resulted  in  vastly  improved  power  densities  and  reductions  in  platinum  loading.  Ballard 
reports  that  stack-power  density  has  increased  from  140  W/1  in  1992  to  570  W/1  in  1995  and 
projects  a  value  of  720  W/1  in  1996.  With  these  improvements,  the  cost  of  the  electrode 
materials  for  a  fuel-cell  stack  are  relatively  low,  but  the  fabrication  costs  of  graphite  bipolar 
plates  are  extremely  high.   Lower  cost  metallic  or  plastic  bipolar  plates  and  automated 


■  EfTiciencies  of  overall  systems,  including  a  refonner,  are  frequently  not  known  and  also  depend  on  the  reformer 
fiiel.  The  use  of  an  efficiency  based  on  hydrogen  is  helpful  as  a  standard  and  for  comparison  purposes. 
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electrode  fabrication  techniques  are  being  pursued,  and  it  is  reported  that  the  current 
membrane  costs  might  be  reduced  by  a  factor  of  10  with  high-volume  production. 

Another  major  technical  barrier  is  water,  thermal,  and  air  management.  Current  stack 
engineering  efforts  are  aimed  at  self-humidifying  the  cells,  and  these  efforts  should  be 
intensified.  A  great  deal  of  progress  will  have  to  be  made  in  order  to  meet  the  1997  PNGV 
milestones. 

Fuel  storage  and  supply  represents  another  critical  area.  It  appears  unlikely  that  liquid 
hydrogen  can  be  used  on  board  the  vehicle,  mainly  from  an  energy  efficiency  point  of  view 
but  also  due  to  safety  and  refueling  concerns.  In  addition,  supplying  this  fuel  on  a  wide  scale 
presents  daunting  problems,  as  indicated  by  work  conducted  by  BMW  and  DaimlerBenz  in 
Germany  on  technology  and  infrastructure  issues  for  future  hydrogen-powered  vehicles 
(Klaiber,  1995;  TachUer,  1995). 

Several  small  (10  kW)  methanol  reformers  have  been  designed;  projections  of  the 
overall  efficiency  for  the  process  of  producing  methanol  to  provide  mechanical  energy  are  on 
the  order  of  20  to  25  percent,  which  is  approximately  half  the  target  value  specificed  in  the 
PNGV  Technical  Roadmap.'  Hydrocarbon  partial-oxidation  processors  may  be  slightly  more 
efficient  overall  and  are  beginning  to  be  explored.  This  issue  of  fuel  storage  and  supply  faced 
by  the  fuel  cell  system  may  be  the  most  difficult  problem  of  all.  Significant  additional 
resources  will  be  needed  to  develop  an  efficient,  practical  way  of  generating  hydrogen  on 
board  personal  passenger  vehicles. 

In  summary,  fuel  cells,  in  the  long  term,  offer  the  potential  of  high-energy  conversion 
efficiency.  Cost  remains  a  major  problem.  Mass  production  alone  is  not  enough  to  drive  the 
cost  of  today's  state-of-the-art  fuel  cell  systems  down  to  acceptable  levels.  No  satisfactory  fuel 
supply  solution  is  apparent,  although  some  candidates  have  certain  attractive  feamres. 
Hydrogen  infrastrucmre  and  storage  concerns  force  consideration  of  using  on  board  fuel 
processors,  which,  in  turn,  substantially  compromise  the  efficiency  advantage  of  the  fuel  cell. 
As  noted  above,  substantial  progress  is  being  made,  but  several  major  research  breakthroughs 
are  still  needed  for  this  technology  to  meet  PNGV  technical  targets  and  schedules. 


Energy  Storage  Devices  for  Hybrid  Electric  Vehicles 

Energy  storage  remains  an  essential  component  of  hybrid  electric  vehicles.  Energy 
storage  not  only  gives  the  capability  for  recovering  a  significant  portion  of  the  kinetic  energy 
of  a  vehicle  when  being  decelerated  or  stopped,  it  also  adds  another  dimension  to  the 
flexibility  of  the  overall  powertrain  in  the  case  of  the  heat  engine  or  fuel-cell  hybrid  vehicle.  In 
the  past  a  number  of  storage  technologies  have  been  considered  and  investigated  to  varying 
degrees.    Among   these   were   elastomers,    hydraulic   springs,    compressed   air,    flywheels. 


Methanol  is  convened  to  hydrogen  in  a  fuel  processor  composed  of  a  reformer  and  a  shift  converter;  the 
conversion  efficiency  is  approximately  70  percent.  In  the  reformer,  methanol  reacts  with  steam  over  a  catalyst  to 
produce  hydrogen,  carbon  dioxide,  and  small  amounts  of  carbon  monoxide.  Since  the  latter  poisons  the  anodic 
reaction  of  hydrogen  in  the  fuel  cell,  the  mixture  of  gases  is  passed  through  a  water-gas  shift  reactor  to  reduce  the 
amount  of  carbon  monoxide. 
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ultracapacitors,  and  baneries.  Only  the  latter  three  have  been  given  major  consideration  by  the 
PNGV  and,  while  it  seems  likely  that  they  are  indeed  the  best  candidates  for  energy  storage,  it 
would  be  useful  if  the  criteria  for  their  selection  were  better  articulated. 


Baneries 

Batteries  represent  the  most  mature  technology  among  the  three  energy-storage  systems 
being  considered  by  the  PNGV.  Further,  from  a  systems  integration  standpoint,  batteries 
probably  offer  the  most  advantages.  However,  there  are  significant  problems  with  all  of  the 
batteries  being  considered  for  hybrid  electric  vehicles  at  this  time,  including  the  lead-acid, 
nickel-cadmium,  nickel-metal  hydride,  lithium-ion,  lithium-polymer,  sodium-sulfiir  and  zinc- 
air  baneries.  Most  battery  R&D  (with  the  exception  of  the  lead-acid  and  nickel-cadmium 
starting,  lighting,  and  ignition  batteries)  has  been  devoted  to  increasing  energy  storage 
capacity,  specifically  aimed  at  straight  electric -vehicle  applications.  The  hybrid  electric 
vehicle,  however,  has  need  for  batteries  with  a  higher  power  to  energy  ratio  than  does  the 
su-aight  electric  vehicle. 

Relatively  little  electrical  energy  needs  to  be  stored  on  board  the  hybrid  vehicles 
compared  with  the  electric  vehicles.  Consequently,  there  are  several  candidate  batteries  that 
could  likely  provide  the  required  energy  and  power  for  application  in  hybrid  vehicles.  The 
lead-acid  battery  has  the  advantage  of  being  much  more  near  term  but,  in  spite  of  the 
considerable  efforts  that  have  been  put  into  its  development,  it  still  has  relatively  lower  energy 
density  than  some  of  the  other  candidates,  and  there  are  cycle-life  limitations  that  are  likely  to 
persist.  Thus,  the  lead-acid  battery  is  a  high-cost  option.  The  lithium-ion  and  lithium-polymer 
batteries  are  leading  candidates  from  the  standpoint  of  cost  and  energy  density.  However,  there 
are  critical  issues  to  be  resolved,  especially  those  concerning  the  manufacmring  process, 
achieving  high  cycle  life,  and  obtaining  appropriate  thin  electrodes  to  achieve  the  high  power 
outputs.  The  nickel-metal  hydride  battery  is  also  a  candidate,  but  has  unresolved  cost,  cycle 
life  and  efficiency  problems.  Unless  major  breakthroughs  are  obtained  within  the  next  two 
years,  nickel-cadmium  batteries  will  probably  be  eliminated  due  mainly  to  higher  cost  and 
environmental  concerns,  and  zinc -air  batteries  may  be  eliminated  due  to  power-density 
limitations.  The  more  promising  battery  technologies  appear  to  have  been  selected  by  PNGV 
from  a  longer  list,  which  includes  such  past  candidates  as  nickel-iron,  nickel-zinc,  zinc- 
chlorine,  zinc-bromine,  and  the  like.  In  the  committee's  view  the  best  technologies  are 
probably  being  considered  by  the  PNGV  for  the  hybrid  vehicles,  but  no  specific  justifications 
were  presented  for  their  selection. 

Batteries  represent  an  important  component  of  a  hybrid  system,  but  it  was  not  clear  to 
the  committee  that  sufficient  effort  is  being  put  into  battery  research  by  the  PNGV.  The  FY 
1996  expenditure  of  less  than  $10  million  seems  modest  in  light  of  the  overall  technical 
problems  to  be  resolved  and  the  amount  of  funding  that  has  been  put  into  high  energy  batteries 
in  the  past.  If  the  characteristics  of  the  lithium  and  nickel-metal  hydride  batteries  are  as 
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promising  as  they  initially  appear,  it  would  be  worthwhile  for  PNGV  to  focus  the  research 
efforts  and  funds  on  the  critical  problems  to  be  resolved. 


Flywheels 

Flywheels  represent  an  alternative  to  batteries  as  energy-storage  devices  and,  in  some 
aspects,  have  characteristics  superior  to  batteries.  In  particular,  they  have  the  capability  for 
very  high  power  to  weight,  both  in  delivering  power  and,  perhaps  more  importantly,  in 
accepting  power.  The  energy-storage  capacity  per  imit  weight  and  volume  of  flywheels  makes 
it  impractical  to  use  them  as  the  primary  source  of  motive  energy  in  a  car.  As  a  result,  for  the 
hybrid  vehicle  configurations,  which  might  be  loosely  classified  as  either  (1)  range-extender 
hybrids,  (2)  dual  mode,  or  (3)  power-assist  hybrids,*  the  flywheel  is  viewed  as  having 
potential  only  for  the  power-assist  configuration.  In  this  type  of  use,  flywheels  have  very 
attractive  power  to  weight  and  power-per-volimie  characteristics.  Their  performance  is  only 
marginal  or  fair  with  regard  to  other  important  characteristics,  such  as  efficiency  and  self- 
discharge,  and  they  currently  present  potential  safety  containment  and  cost  concerns. 

Flywheel  safety  requires  fracmre-energy  management  in  case  of  failure.  From  both  a 
consumer  acceptance  and  a  product  liability  standpoint,  it  may  be  necessary  for  vehicle 
manufacmrers  to  make  flywheels  "firacture  proof,"  that  is,  to  eliminate  the  possibility  they 
could  come  apart  in  a  catastrophic  fashion.  The  cost  concern  is  associated  with  the  high-cost  of 
lightweight  composite  materials  and  the  manufacturing  process  for  flywheels  using  such 
materials. 

Other  issues  of  concern  are  potential  gyroscopic  effects  coming  from  shock  loading, 
self-discharge  on  the  order  of  one-half  of  one  percent  per  hour  of  stored  energy,  and  long-term 
durability.  There  are  also  appreciable  challenges,  as  yet  unsolved,  regarding  the  appropriate 
matching  of  alternator  and  flywheel  design,  electrical  safety,  maintainability  of  the  system,  and 
providing  adequate  and  appropriate  cooling  (Energy  Storage  for  the  Next  Generation  Vehicle, 
1995). 


Ultracapacitors 

Ultracapacitors  are  in  the  same  category  as  flywheels,  being  compatible  only  with  the 
power-assist  type  of  hybrid-vehicle  configuration.  They  have  also  been  proposed  as  a  way  to 
limit  the  surge  current  load  on  batteries  used  in  hybrid  vehicles.  Problems  identified  thus  far 
by  PNGV  concern  energy  density,  cost,  and  self-discharge  characteristics  of  ultracapacitors. 
Energy  storage  is  limited,  probably  to  less  than  2  kWh,  and  there  are,  additionally,  problems 


'  Hybrid  vehicle  configurations  are  defined  as  follows:  (1)  Range  extender — the  engine  (or  fuel  cell)  provides  only 
the  average  power  needed  to  keep  the  electric  storage  system  charged  for  normal  operations;  (2)  dual  mode — the 
engme  (or  flywheel  or  fuel  cell)  is  sized  so  that  either  it  or  the  electric-storage  system  may  be  used  to  provide  the 
entire  power  needs  of  the  vehicle;  (3)  power  assist — the  electric  power  system  (battery  or  fuel  cell)  is  assisted  in 
providing  peak  power  requu-ements  by  another  energy  source  (battery  or  flywheel). 
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of  energy  input  and  output.  Power  electronic  conditioning  can  be  applied  to  manage  the  charge 
and  discharge  cycles  efficiently,  but  at  a  cost.  A  potential  hazard  is  unbalanced  current  flow 
between  individual  cells  in  the  ultracapacitor  stack,  which  has  unknown  safety  implications. 
This  is  an  area  where  there  is  very  linle,  if  any,  available  data. 

On  the  other  hand,  recent  laboratory  demonstrations  of  individual  cells  have  indicated 
superior  performance.  Using  carbon-based  materials,  devices  have  shown  energy  and  power 
densities  of  10  Wh/kg  and  2  kW/kg,  with  90  percent  turnaround  efficiency  and  100,000  cycle 
lifetime— all  of  which  exceed  the  PNGV  performance  targets  for  this  technology.  Metal  oxide 
ceramic  device  costs  are  now  in  the  range  of  $100  per  kJ,  and  the  cost  goal  is  about  $1  per  kJ. 
Presently,  the  leakage  or  self-discharge  of  such  units  is  about  10  nA/cm  compared  with  a 
PNGV  target  of  two  orders  of  magnitude  lower.  Clearly,  substantial  progress  has  been  made; 
but  key  challenges  remain,  and  ultracapacitor  developments  deserve  additional  coordination 
efforts  from  the  PNGV  management. 


Electrical  and  Electronic  Power  Conversion  Devices 

This  effort  at  PNGV  is  focused  on  the  electric  power  conversion  subsystems  to  be  used 
with  propulsion  systems  for  hybrid  vehicles.  Key  elements  being  considered  are  the  electric 
motor/alternator,  the  electric  power  inverter,  and  the  electronic/electric  controllers.  Also  being 
addressed  are  the  adjustable-speed  drives  required  for  vehicle  subsystems,  such  as  electric 
power  steering,  passenger  compartment  heating,  ventilating  and  air  conditioning,  and  other 
vehicle  accessories. 

The  committee  noted  that  the  technical  team  responsible  for  this  area  has  shown  good 
awareness  of  the  state  of  the  art  for  these  devices  and  has  established  appropriate  and 
challenging  targets  for  performance,  efficiency,  weight,  and  cost,  as  given  in  the  Technical 
Roadmap.  Overall  size  targets  have  not  been  established,  but  these  are  highly  dependent  upon 
the  vehicle  configuration  chosen.  Realistic  size  and  shape  targets  can  only  be  derived  from 
specific  packaging  studies.  The  milestones  in  the  PNGV  Technical  Roadmap  show  the  overall 
electric  driveline  efficiency  improving  from  70  percent  to  85  percent  in  10  years,  and  its 
weight  decreasing  by  47  percent.  The  electronic  inverter/controller  cost  must  be  reduced  by  90 
percent,  and  the  electric  motor  cost  by  80  percent.  In  the  committee's  view  these  are  very 
demanding  challenges. 

The  schedule  in  the  PNGV  Technical  Roadmap  indicates  a  need  for  design  and 
evaluation  of  three  generations  of  hardware.  Baseline  knowledge  in  this  area  is  derived  from 
several  extensive  electric-vehicle  programs  within  Chrysler,  Ford,  and  General  Motors  over 
past  decades,  as  well  as  from  work  on  numerous  electrical  and  electronic  control  systems 
developed  by  the  U.S.  government  for  military  and  space  applications.  Progress  under  the 
PNGV  program,  to  date,  largely  has  been  related  to  work  performed  under  the  DOE  hybrid 
electric  vehicle  projects,  but  the  Technical  Roadmap  targets  several  additional  government 
agencies  and  other  research  programs  for  support  of  the  developments  needed  for  the  PNGV 
Goal  3  vehicle.  The  challenge  will  be  to  coordinate  these  efforts  such  that  they  address  the 
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unique  automotive  requirements  and  focus  on  cost  reduction  as  a  primary  target.  In  addition, 
this  program  faces  a  major  challenge  to  develop  electrical  and  electronic  components  suitable 
for  the  wide  variety  of  powertrain  configurations  currently  being  considered  by  the  PNGV. 
The  absence  of  complete  systems  studies  for  many  of  these  configurations  compounds  this 
challenge.  As  these  studies  become  available  and  the  technology  focus  narrows,  the 
development  of  appropriate  electrical  and  electronic  components  capable  of  overcoming  the 
significant  technology  and  cost  barriers  outlined  in  the  Technical  Roadmap  can  be  managed 
more  effectively. 


LIKELfflOOD  OF  MEETING  GOAL  3  POWERTRAIN  NEEDS 

The  challenge  of  meeting  three  times  today's  fuel  economy  in  a  prototype  vehicle  ready 
for  production  in  2004  (with  all  of  the  other  requirements  surrounding  Goal  3)  is,  in  the 
committee's  view,  extremely  difficult.  Clearly,  recent  reductions  in  funding  for  the 
government  ponion  of  the  program  increase  the  risk  that  this  target  will  not  be  met  within  the 
schedule  as  currently  specified.  Nevertheless,  significant  progress  is  being  made  by  the 
PNGV. 

Powertrain  improvement  is  crucial  for  the  program's  success.  The  DICI  engine  is 
probably  the  only  candidate  today  that  could  be  combined  with  a  conventional  drivetrain  and 
other  vehicle  changes  and  come  close  to  meeting  Goal  3  within  the  PNGV  schedule.  Hybrid 
configurations  improve  the  likelihood  of  meeting  powertrain  efficiency  targets  but  increase  the 
challenges  relative  to  size,  weight,  and  cost.  Gas  turbine  and  Stirling  engines  are  candidates 
only  in  conjunction  with  a  hybrid  powertrain,  not  as  stand-alone  prime  movers.  In  addition, 
each  engine  has  its  own  specific  technical  challenges  that  must  be  met  for  it  to  continue  as  a 
candidate  past  the  1997  technology  selection  date.  Fuel  cells  offer  the  greatest  long-term 
potential  fuel  economy  gain,  with  by  far  the  most  aggressive  improvements  required,  and  have 
demonstrated  substantial  progress  over  the  past  few  years.  Each  of  the  various  energy-storage 
and  electrical-conversion  devices  being  considered  for  hybrid  powertrains  faces  very  difficult 
size,  weight,  efficiency,  and  cost  hurdles. 

It  was  observed  at  the  recent  PNGV  energy-storage  meeting  that  there  has  been 
relatively  little  improvement  in  the  past  year  on  the  critical  issues  of  safety  and  cost  and  that 
there  is  a  lack  of  coordination,  which  hampers  progress.  If  this  is  true,  this  simation  must  be 
corrected  for  adequate  information  to  be  available  for  proper  choices  to  be  made  in  1997. 

The  PNGV  program  plan  calls  for  technology  selections  to  be  made  at  the  end  of  1997 
so  that  concept  vehicles  can  be  built  using  the  most  promising  systems.  Completion  of  more 
rigorous  systems  analyses  before  then  will  help  in  this  selection  process,  but  it  is  likely  that 
these  decisions  still  will  have  to  be  made  on  a  largely  subjective  basis.  The  committee 
continues  to  believe  that  this  selection  process  should  designate  some  of  these  technologies  as 
being  worthy  of  continued  support  but  should  recognize  that  they  are  outside  of  the  time  frame 
of  the  PNGV  program. 
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RECOMMENDATIONS 

Recommendation.  The  PNGV  should  devote  substantial  additional  resources  to 
the  DICI  hybrid  powertrain  in  view  of  its  relatively  high  potential  to  meet 
PNGV  Goal  3  objectives. 

Recommendation.  The  PNGV  should  develop  a  powertrain  systems  analysis 
methodology  to  aid  in  the  evaluation  of  the  potential  gains  and  probability  of 
success  for  various  technologies. 

Recommendation.  The  PNGV  should  perform  vehicle  packaging  smdies  soon 
for  each  powertrain  system  that  is  likely  to  remain  a  candidate  past  1997.  Such 
studies  would  establish  realistic  size  and  shape  goals  for  the  component 
development  programs. 

Recommendation.  The  PNGV  should  perform  a  study  to  establish  the  energy 
balance,  in-use  environmental  effects,  and  resource  requirements,  as  well  as 
production  and  distribution  costs,  for  any  fuels  other  than  gasoline  or  diesel  fuel 
being  considered  for  use  in  Goal  3  vehicles. 

Recommendation.  PNGV  should  continue  to  develop  flywheel  and  generator 
technologies. 

Recommendation.  On  a  stand-alone  basis,  batteries  still  appear  to  be  the  best 
near-term  candidates  for  energy  storage,  and  PNGV  should  fund  development 
of  the  most  promising  battery  system  consistent  with  this  potential. 

Recommendation.  PNGV  should  focus  its  ultracapacitor  R&D  on  the  most 
promising  technologies,  and  serious  efforts  should  be  devoted  to  the 
investigation  of  a  battery/ultracapacitor  hybrid  storage  device. 
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The  United  States  enjoys  the  world's  most  effective  and  extensive  road  transportation 
system.  Over  175  million  passenger  cars  and  light  trucks  travel  more  than  two  billion  miles 
annually  on  the  3.9  million  miles  of  public  roads  in  the  United  States  (NHTSA  1995;  FHWA 
1994).  About  one  in  ten  members  of  the  U.S.  workforce  is  engaged  in  some  aspect  of  the  road 
transportation  sector  (ETF,  1994).  Manufacturing  and  service  industries,  and  associated  large 
and  small  businesses,  have  invested  hundreds  of  billions  of  dollars  to  form  a  vast 
transportation-related  infrastructure.  This  infrastructure  encompasses  activities  associated  with 
vehicle  production,  insurance,  maintenance,  repair,  and  recycling  together  with  fuel 
production,  distribution  and  retailing.  The  total  highway  transportation  infrastructure 
encompasses  these  private  investments  and  workforces  as  well  as  the  entire  public  highway 
system  with  its  support  workforce  and  its  environment. 

Some  extremely  attractive  technologies  under  consideration  for  PNGV  have  the  potential 
to  introduce  large  changes  in  the  demands  on  the  infrastrucmre,  which  will  result  in 
requirements  for  new  capital,  labor,  and  natural  resources.  The  extent  of  these  changes  will 
vary  widely,  depending  on  the  body  and  structural  materials,  the  powerplant  and  the  energy- 
storage  system. 


INFRASTRUCTURE  IMPLICATIONS  OF  PNGV  TECHNOLOGIES 

The  vehicle  production  infrastrucmre  includes  not  only  the  OEMs  but  also  a  vast 
materials  and  parts  supply  base.  PNGV  technology  could  introduce  profound  changes  in  the 
vehicle-related  industries.  For  example,  a  shift  from  steel  to  aluminum  or  composites  would 
alter  capital  and  labor  needs  among  the  materials  production  and  forming  industries.  The 
maintenance,  crash  repair  and  recycling  industries  would  require  additional  investments  in 
capital  equipment  and  training  to  handle  new  materials.  Automobile  insurance  costs  are  likely 
to  be  influenced  by  changes  in  these  service  industries  and  by  the  design  and  repairability  of 
the  PNGV  vehicle. 

The  adoption  of  alternative  PNGV  power  plants  that  use  fuels  such  as  methanol, 
dimethyl  ether  or  hydrogen  would  create  immense  demands  on  the  entire  fuel  production, 
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transportation,  storage,  and  retail-distribution  infrastructure.  Significant  new  investments 
would  be  required  both  in  the  production  and  retail  segments.  Portions  of  existing  facilities 
and  equipment  could  become  obsolete,  resulting  in  the  early  writeoff  of  investments.  The 
willingness  of  consimiers  to  adapt  to  the  use  of  alternative  fuels  will  also  have  an  important 
influence  on  the  success  of  the  PNGV  program.  i 

The  highway  infrastnicnire  includes  the  highway  system,  the  vehicle  and  its  operator, 
and  the  services  associated  with  vehicle  operation.  The  operation  of  vehicles  produces  the 
imdesirable  consequences  of  property  damage,  human  casualties,  and  environmentally  harmful 
emissions.  A  number  of  significant  issues  relating  to  PNGV  arise  from  highway  infrastructure 
considerations. 

Today's  highway  designs  are  predicated  on  existing  interrelationships  among  the 
vehicles,  the  operators,  the  highway,  and  the  operating  environment  and  have  evolved  over  a 
period  of  about  100  years.  Any  major  change  in  the  vehicle  and  its  attributes  requires  an 
understanding  of  possible  ramifications  for  existing  relationships.  Obvious  examples  include 
the  compatibility  of  breakaway  roadway  sign  supports  and  the  crash  characteristics  of  vehicles 
constructed  with  lightweight  materials  in  support  of  occupant  crash  protection  strategies. 
Similarly,  new  hazards  from  toxic  substances,  electrical  discharges,  and  high  momentum 
rotating  devices  will  require  special  skills  by  emergency  response  personnel  during  crash 
rescue  and  when  clearing  and  disposing  of  crash  debris. 

There  is  a  large  base  of  knowledge  and  experience  from  owning  and  operating  current 
vehicles.  Any  major  change  in  the  vehicle  dynamic  response  or  vehicle-operator  interaction 
will  require  adaption  by  vehicle  operators.  Changes  in  vehicle  dynamic  response,  vehicle 
maintenance,  safety  precautions,  and  fuel  handling  procedures  all  could  require  behavior 
modifications  that  may  impact  the  operator's  acceptance  of  a  PNGV-type  vehicle. 

The  operating  environment  of  the  vehicle/highway  system  poses  numerous  issues  to  the 
PNGV.  These  issues  include  both  regulated  and  unregulated  emissions,  road  and  vehicle  noise, 
and  highway  runoff.  Any  changes  that  impact  environmental  quality  need  careful  analysis.  In 
reducing  regulated  highway  emissions,  due  attention  must  be  given  to  the  total  environmental 
impact,  including  in-use  emissions  and  energy  consumption  in  fuel  production  and  distribution. 


SAFETY 

The  influence  of  the  PNGV  on  the  safety  of  the  vehicle/highway  system  is  another 
issue  that  requires  consideration.  During  the  1990s  the  marketing  of  vehicle  safety  equipment 
such  as  inflatable  resnraint  systems  (air  bags)  and  anti-lock  braking  systems  has  heightened 
public  awareness  of  highway  safety.  According  to  a  1992  smdy,  "recent  trends  in  consumer 
preference  for  passenger  cars  with  air  bags,  and  vehicles  with  good  safety  records,  suggests  a 
major  shift  in  the  public's  concern  for  safety"  (NRC,  1992).  The  safety  issues  associated  with 
the  PNGV  go  well  beyond  simply  meeting  today's  Federal  Motor  Vehicle  Safety  Standards. 
There  is  extensive  public  information  that  equates  reduced  vehicle  weight  to  reduced  safety 
(OTA,   1995).  The  large  weight  reduction  achieved  in  the  PNGV  vehicle  may  foster  the 
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perception  that  occupant  safety  is  significantly  reduced  and  result  in  poor  acceptance  of 
PNGV-type  vehicles  by  consumers,  even  though  the  minimum  safety  standards  are  met. 


PNGV  ACTIVrnES 

The  present  statement  of  Goal  3  safety  is  as  follows:  "The  target  vehicles  will  meet  the 
efficiency  improvement  goal  while  meeting  present  and  future  Federal  Motor  Vehicle  Safety 
Standards"  (PNGV,  1995).  The  industry  smdies  presented  to  the  committee  did  not  include 
any  safety  considerations  beyond  meeting  present  federal  standards.  The  committee  noted  that 
the  DOT  has  had  minimum  participation  in  the  PNGV  program  and  that  no  research  has  been 
identified  to  develop  future  standards  to  specifically  address  PNGV  technology  safety 
concerns.  Further,  the  committee  noted  that  the  U.S.  Environmental  Protection  Agency  also 
has  had  minimum  participation  in  the  PNGV  program  and  has  not  identified  research  to 
develop  future  standards  addressing  emissions  concerns  for  new  PNGV  technologies. 

The  committee  was  briefed  by  the  PNGV  on  a  preliminary  smdy  entitled 
"Infrastructure  and  Capital  Needs  Assessment."  A  research  team  from  the  Argoime  National 
Laboratory  and  the  Oak  Ridge  National  Laboratory  discussed  first-order  effects  of  PNGV 
technologies  on  fuel  demand  and  capital  requirements  for  manufacturing.  Studies  to  assess  fiiel 
production  and  distribution  impacts  and  to  estimate  fuel-cycle  CO2  emissions  were  stated  to  be 
imderway,  but  they  were  not  presented  to  the  committee.  The  researchers  indicated  that  the 
general  impacts  of  adopting  alternative  technologies  are  known  by  the  PNGV  team  but  that 
systems  analysis  is  needed  to  provide  additional  insights  and  quantitative  results.  As  discussed 
in  chapter  8,  no  systems  analysis  or  infrastructure  modeling  results  are  currently  available. 

The  committee  commends  the  PNGV  on  its  preliminary  infrastructure  study  and  notes 
that  the  assessment  of  the  total  energy  consumption  and  fuel-cycle  CO2  emissions  for  each 
PNGV  power  system  alternative  will  be  valuable  in  comparing  each  technology  on  a  total- 
energy-use  basis. 

The  Intelligent  Transportation  System  (ITS)  program  at  DOT  is  an  important  national 
initiative  that  presents  an  opportunity  for  enhancing  PNGV  safety.  Several  ITS  systems  are 
plaimed  for  active  deployment  within  the  PNGV  timeframe.  The  committee  believes  that 
increased  interaction  between  the  PNGV  and  ITS  programs  would  be  beneficial. 


ISSUES 

The  technologies  under  consideration  for  the  PNGV  have  the  potential  to  induce  large 
transformations  in  the  highway-vehicle-fuel  supply  infrastrucmre.  Extensive  shifts  in 
requirements  for  capital  labor  and  nawral  resources  could  result.  In  the  absence  of  detailed 
analysis,  it  is  not  clear  that  all  technology  scenarios  would  lead  to  the  objectives  of  increased 
competitiveness,  reduced  dependency  of  foreign  sources  of  energy,  and  lower  energy 
consumption  and  environmental  pollution.  The  committee  identified  a  need  to  address 
considerations  associated  with  infrastructure  as  an  integral  part  of  the  PNGV  program. 
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concurrent  with  decisions  regarding  technology  selection.  Issues  include  capital  requirements, 
shifts  in  employment,  global  economics  of  energy  and  materials  production,  vehicle  safety 
requirements,  total  cost  of  vehicle  operation  (including  insurance  and  maintenance),  and  total 
environmental  consequences.  Some  of  the  potential  infrastrucmre  changes  induced  by  PNGV 
technology  could  adversely  affect  overall  U.S.  competitiveness,  unless  the  broad  resource  and 
infrastrucmre  issues  are  recognized  and  resolved.  Continuing  careful  assessment  of  the 
infrastructure  issues  of  alternative  technologies  is  an  essential  part  of  the  technology  selection 
process  for  the  PNGV. 

The  application  of  PNGV  technologies  will  introduce  a  myriad  of  safety  and  other  issues 
dealing  with  lightweight  materials,  energy-storage  and  conversion  systems,  and  alternative 
fuels.  For  example,  new  questions  relating  to  recycling  of  materials  or  vehicle  designs  to 
provide  PNGV  owners  the  same  safety  level  as  the  owners  of  competing  conventional  vehicles 
were  not  defined  at  the  time  of  this  review.  The  stark  absence  of  active  participation  by  DOT 
in  addressing  and  resolving  PNGV  transportation  policy  and  safety  issues  is  of  concern  to  the 
committee.  Early  involvement  of  the  National  Highway  Traffic  Safety  Administration  would 
be  beneficial  since  future  federal  standards  relating  to  Goal  3  vehicles  may  be  anticipated. 


RECOMMENDATIONS 

Recommendation.  The  PNGV  must  continue  to  address  infrastructure  issues  as 
an  integral  part  of  its  program.  A  careful  assessment  of  infrastructure  issues 
associated  with  alternative  technologies  should  be  an  essential  part  of  the 
technology  selection  process  scheduled  for  1997. 

Recommendation.  The  PNGV  should  immediately  involve  DOT's  National 
Highway  Traffic  Safety  Administration  in  addressing  and  resolving  the  safety 
issues  raised  by  Goal  3  vehicles. 
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Based  on  its  understanding  of  the  PNGV  technical  organization  stiucnire  and  Technical 
Roadmap  (see  chapter  9  for  further  discussion),  the  committee  considers  that  vehicle  systems 
analysis  and  modeling  as  defmed  in  the  road  map  are  mandatory  to: 

•  guide  the  technology  teams  in  their  research  and  development  efforts  and 
assure  that  ail  assumed  metrics  are  optimized  to  the  overall  vehicle 
requirements 

•  provide  the  Vehicle  Engineering  Team  with  a  means  to  make  tradeoff  studies 
between  contender  subsystems  and  components  and  to  determine  the  minimum 
acceptable  performance  parameters  for  competing  technologies 

•  objectively  optimize  selected  subsystems  and  systems  to  meet  performance 
requirements  with  minimum  fuel  consumption 

The  PNGV  organization  concluded  at  a  USCARygovenunent  modeling  conference  in 
November  1994  that  the  system  analysis  tools  available  are  inadequate  for  the  PNGV  challenge. 
It  was  decided  that  a  qualified  contractor,  capable  of  performing  systems  analysis  and  modeling 
was  a  vital  requirement.  After  screening  potential  contractors,  one  was  preliminarily  selected  in 
early  1995.  Unfortunately,  funding  was  delayed,  other  circumstances  required  a  change  of 
contractors  to  be  made,  and  the  contract  award  was  not  made  imtil  late  October  1995.  This  delay 
of  approximately  one  year  could  seriously  impact  the  technology  selection  process  and  the  1997 
milestone. 

Other  systems  analysis  projects  have  been  identified,  including  analysis  and  design, 
improved  subsystem  models,  integration  models,  and  system  analysis  support.  None  of  these 
projects  has  as  yet  been  funded.  As  a  result,  the  number  of  PNGV  personnel  working  in  the 
critical  systems  analysis  area  appears  to  be  negligible. 

The  timely  use  of  systems  analysis  to  guide  development  is  a  critical  issue  for  PNGV 
management  to  resolve.  The  timing  presented  in  the  Technical  Roadmap  for  systems  analysis 
efforts  has  been  seriously  delayed.  The  Technical  Roadmap,  in  Section  ULA,  clearly  states: 

The  role  of  systems  analysis  in  the  PNGV  is  to  suppon  component,  systems,  and  vehicle 
development  by  providing  the  analytical  capability  to  efficiently  and  accurately  assess  competmg 
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technologies,  and  vehicle  concepts  against  Goal  3  objectives  and  vehicle  performance  reqviirements. 
This  will  enable  an  objective  evaluation  of  risk,  benefit,  and  cost,  in  order  to  focus  on  the  best 
options,  with  the  least  expenditure  of  resources. 

This  statement  implies  that  the  selection  of  optimal  technologies  for  the  design, 
fabrication,  and  assembly  of  the  concept  vehicles  would  be  adversely  affected  by  the  absence,  or 
inadequacy,  of  supporting  subsystem  and  component  tradeoff  smdies.  These  studies,  in  turn, 
depend  on  the  availability  of  appropriate  systems  analysis  methods. 

Another  important  issue  is  the  selection  of  the  best  system  architecture  for  the  concept 
vehicle.  This  is  being  approached  on  two  fronts.  As  noted  earlier,  Chrysler,  Ford,  and  General 
Motors  have  decided  to  carry  on  separate  PNGV  concept  vehicle  development  in  each  of  their 
respective  engineering  organizations.  It  has  also  been  decided  that  the  PNGV  will  not  design  and 
build  a  concept  car.  This  is  logical,  if  viewed  from  a  proprietary-product  standpoint  and  in  terms 
of  resource  optimization.  Each  company  will  be  using  its  in-house  systems  analysis  and  modeling 
capability  to  support  its  design  selection.  Although  the  PNGV  team  does  plan  to  perform  system 
analysis  and  vehicle  engineering,  the  scope  and  specificity  of  the  analysis  must  be  designed  with 
ftill  imderstanding  that  the  input  from  each  automotive  manufacturer  may  be  vague  in  content. 
Each  manufacturer  is  obliged  to  meet  the  same  set  of  challenging  requirements  (specifications) 
for  the  Goal  3  vehicle.  In  the  view  of  the  committee,  without  a  rigorous  and  disciplined  systems 
analysis  effort,  the  common  requirements  cannot  be  effectively  established  in  a  timely  and 
coordinated  fashion.  Thus,  the  committee  identifed  the  systems  analysis  effort  as  imperative.  In 
addition,  the  committee  considers  that  this  effort  would  be  most  effectively  directed  and  managed 
by  a  USCAR  technical  director. 

The  PNGV  technology  teams  need  direction  on  vehicle  system  requirements,  and  this 
should  be  provided  by  PNGV  Vehicle  Engineering  Team,  supported  by  systems  analysis.  This 
approach  provides  a  single  conduit  for  design  information  and  design  tradeoffs  during  the 
pre<ompetitive  phase  of  the  program.  Vehicle  system,  subsystems,  and  component  models  will 
be  created,  which  will  support  both  the  PNGV  technology  teams  and  the  individual  company 
vehicle  teams.  It  would  be  helpful  to  the  program  if  the  USCAR  partners  provided  their  in-house 
systems  models  to  the  PNGV  to  the  extent  appropriate.  This  action  would  help  accelerate  the 
systems  analysis  activity  and  make  up  for  lost  time. 

The  PNGV  Vehicle  Engineering  Team  must  identify  all  of  the  breakthrough  technology 
requirements  for  each  of  the  subsystems  under  consideration.  Technology  evaluation  and 
selection  will  be  accomplished  by  both  the  PNGV  Vehicle  Engineering  Team  and  the  individual 
companies.  It  is  not  clear  to  the  committee,  based  on  the  information  it  has  received,  specifically 
how  the  tradeoffs  among  subsystems  will  be  accomplished.  Some  vehicle  target  metrics  have 
been  established;  others  still  require  defmition;  and  others  will  probably  require  updating.  There 
also  must  be  an  appropriate  definition  of  metrics  for  each  subsystem,  driven  by  the  system 
specifications. 

The  committee  concluded  that  there  are  significant  barriers  to  the  accomplishment  of 
the  systems  analysis  and  vehicle  engineering  tasks  necessary  to  achieve  the  PNGV  goals. 
While  the  technical  teams  for  system  analysis  and  vehicle  engineering  have  been  identified,  along 
with  an  overall  plan,  very  little  has  been  accomplished  because  of  a  lack  of  funding  and  the  delay 
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in  selecting  an  appropriate  contractor  to  develop  appropriate  system,  subsystem,  and  component 
models.  Approximately  18  months  remain  before  selected- vehicle  system  architectures  must  be 
quantitatively  defined  with  metrics  to  allow  the  final  selection  of  the  concept  vehicle  architecture. 
To  this  end,  tradeoff  studies  of  all  potentially  relevant  configurations  are  essential.  Such  studies 
may  incorporate  information  relevant  to  market-based  assessments  of  attractive  technologies. 
Within  the  PNGV  there  does  not  appear  to  be  complete  awareness  of  the  composite  state  of  the 
art  of  the  competing  technologies,  nor  are  the  best  models  and  simulation  codes  for  these 
technologies  available. 

In  the  committee's  view,  there  is  a  clear  need  for  focused,  central  leadership  to 
coordinate  the  technical  teams  and  address  overall  vehicle  requirements.  A  single  USCAR 
Technical  Director  would  be  well  positioned  to  lead  the  systems  analysis  and  vehicle  engineering 
efforts  and  to  establish  priorities  for  the  subsystem  technical  teams. 


RECOMMENDATIONS 

Recommendation.  The  PNGV  should  assess  the  impact  on  the  overall  program 
schedule  of  the  delay  in  implementing  systems  analysis  and  vehicle  engineering 
tasks,  and  the  need  for  remedial  action.  Priority  projects  must  be  identified  and 
implemented  by  the  technical  teams  as  soon  as  possible. 

Recommendation.  The  PNGV  should  formalize  subsystem  evaluation  and 
selection  process  without  delay,  and  performance  criteria  should  be  provided  to 
the  PNGV  technology  teams.  The  systems  analysis  must  be  an  iterative  process 
that  continually  receives  new  information,  updates  models,  and  provides  updated 
results  from  optimizations  and  tradeoff  studies  to  system,  subsystem,  and 
component  designers. 

Recommendation.  Overall  vehicle  system  and  subsystem  analysis  driving 
component  developments  should  be  under  the  control  of  a  USCAR  technical 
director. 


35-249    96-10 
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Management  of  the  PNGV  program  represents  a  major  challenge,  requiring  technological 
innovation,  integration  of  complex  elements,  minimum  product  cost,  high  product  reliability, 
environmental  protection,  passenger  safety,  and  enhanced  competitiveness.  The  involvement  of 
the  three  major  U.S.  automotive  companies— Chrysler,  Ford,  and  General  Motors— which  are 
traditionally  competitors  rather  than  collaborators,  together  with  several  government  agencies 
and  national  laboratories  adds  an  additional  major  challenge.  While  national  efforts  involving 
many  partners  are  not  without  precedent  (e.g.,  Sematech),  the  goal  of  producing  a  connmercially 
viable  product  capable  of  enhancing  U.S.  competitiveness  in  international  markets  while  meeting 
anticipated  domestic  market  requirements  sets  the  PNGV  effort  apart  from  other  initiatives.  The 
committee  considers  the  underlying  concept  of  the  PNGV  program  to  be  credible.  The  objective 
of  the  program  is  to  reassert  U.S.  leadership  and  enhance  the  competitiveness  of  U.S.  industry  in 
the  technology-driven  global  automotive  market. 

This  chapter  addresses  PNGV  program  organization  and  management.  Progress  made  in 
these  areas  since  the  first  peer  review  is  assessed,  and  suggestions  are  made  for  further 
improvements.  A  final  section  on  foreign  technology  puts  the  PNGV  program  in  the  broader 
context  of  efforts  to  develop  and  implement  advanced  vehicle  technologies  by  other  countries  in 
competition  with  the  United  States.  It  highlights  the  likely  challenges  that  confront  PNGV 
vehicles  both  in  international  markets  and  in  the  domestic  market  from  vehicles  imported  into  the 
United  States. 


PNGV  TECHNICAL  ROADMAP 

The  draft  PNGV  Technical  Roadmap  provided  to  the  committee  prior  to  its  meeting  in 
August  1995  answers  many  of  the  questions  posed  during  the  previous  review  (PNGV,  1995b). 
Of  particular  note  in  that  review  was  the  need  for  a  more  detailed  program  plan  outlining 
objectives,  task  descriptions,  management  responsibilities,  milestones,  resources,  schedule,  and 
performance  metrics.  The  Technical  Roadmap  is  recognized  by  the  committee  as  a  constructive 
begiiming  and  an  important  achievement  in  1995.  However,  the  committee  continues  to  have 
concerns  as  follows: 
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•  The  process  of  selecting  technology  concepts  for  evaluation,  the  selection  of 
concepts  for  vehicle  application,  and  the  technical  management  to  assure  that 
vehicle  performance  objectives  and  timing  are  met  are  not  clearly  defined  in 
the  Technical  Roadmap. 

•  The  technical  teams  (e.g.  on  fuel  cells)  appear  to  be  effectively  organized  and 
working  to  specific  objectives.  However,  problems  exist  with  (1)  overall 
vehicle  planning  and  control;  (2)  the  process  for  program  review  against 
specific  targets  and  milestones  in  the  technology  development  plan;  and  (3)  the 
process  for  technology  "downselect"  in  1997.  Further,  federal  budgets 
pertinent  to  PNGV  are  not  allocated  as  line  items,  and  it  is  difficult  to  make 
judgments  about  relative  spending  levels  and  appropriate  resource  allocations. 

•  A  procedure  is  required  for  defining  metrics  for  subsystem  performance  and 
then  effectively  communicating  these  requirements  to  the  technology  teams. 
The  committee  is  concerned  that  these  matters  appear  to  have  been  handled  on 
an  ad-hoc  basis.  Unless  this  issue  is  properly  addressed,  overall  program  goals 
could  be  severely  compromised.  Initiation  of  the  systems  analysis  effort  will 
imdoubtedly  help,  particularly  if  placed  under  the  direction  of  the 
recommended  USCAR  PNGV  Technical  Director.  Specific  actions  to  remedy 
these  deficiencies  are  recommended  by  the  committee  as  a  matter  of  some 
urgency,  as  discussed  below. 


TECHNICAL  ORGANIZATION  STRUCTURE 

During  the  past  year,  the  PNGV  has  solidified  its  technical  organization  stnicnire,  which 
is  illustrated  in  figure  9-1.  Central  to  the  organization  are  the  technical  teams  responsible  for 
R&D  on  candidate  subsystems;  namely,  the  manufacturing,  materials  and  structures,  and  systems 
analysis  teams.  Technical  oversight  and  coordination  are  provided  by  the  Vehicle  Engineering 
Team.  The  teams  are  staffed  by  representatives  from  government  and  industry.  The  committee 
determined  that  these  teams  appear  to  be  effectively  organized  and  working  towards  specific 
objectives.  Many  of  the  technology  teams  were  established  in  1995  and  have  held  a  number  of 
meetings.  Their  efforts  have  lead  to  a  first  roimd  of  development  targets  in  each  of  the 
technology  areas;  these  targets  provide  importance  guidance  for  the  various  government- 
sponsored  projects  in  the  PNGV  program.  However,  the  committee  was  concerned  that  some  key 
management  personnel  from  USCAR  are  spending  only  a  very  limited  amoimt  of  time  on  PNGV 
activities. 

In  its  Phase  1  repon  the  comminee  recognized  that  each  of  the  three  automotive 
companies  might  "independently  want  to  pursue  applications  of  the  technologies  developed  as 
part  of  Goal  3"  (NRC,  1994).  While  not  suggesting  that  this  approach  was  inappropriate,  the 
committee  noted  that  "the  overall  objectives  of  Goal  3  must  be  managed  by  a  single  platform 
team."  The  committee  fiither  observed  that,  although  separate  industry  teams  "would  have  full 
access  to  the  technologies  developed  as  part  of  Goal  3,  the  co-located  USCAR  team  would  have 
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the  full  authority  and  responsibility  to  set  the  direction  foi  meeting  the  objectives  of  Goal  3." 
Chrysler,  Ford,  and  General  Motors,  in  concert  with  PNGV,  recently  decided  not  to  develop  a 
single  PNGV  concept  car  but  rather  to  have  each  company  pursue  its  own  concept  car  (or  cars), 
sharing  directions  and  decisions  as  appropriate.  The  committee  notes  that  this  decision  impacts 
many  aspects  of  the  program  plan  and  management,  as  follows: 

•  The  PNGV  Technical  Roadmap  must  help  assure  that  there  is  close 
coordination  between  the  work  of  the  PNGV  technical  teams  and  the  needs  of 
the  individual  automotive  manufacturers. 

•  A  central  systems-analysis  function  is  more  imperative  to  analyze  tradeoffs 
and  to  help  refine  subsystem  targets,  but  each  company  must  now  supplement 
the  central  systems  analysis  activity  with  its  own  more  specific  needs. 

•  The  need  for  a  USCAR  technical  director  still  appears  paramount  to  plan  and 
execute  the  systems  analysis  and  tradeoff  swdies  (despite  a  very  late  start); 
establish  the  principal  specifications  for  the  Goal  3  vehicle(s);  and  provide  the 
broad  architecture  and  foundations  for  the  vehicle  subsystem  and  component 
design  and  engineering,  which  must  be  established  in  less  than  two  years  to 
meet  the  1997  milestone  for  technology  selection  for  the  concept  vehicle.  A 
further  essential  role  of  a  USCAR  technical  director  is  to  provide  unified 
technical  and  program  guidance  to  the  government  organizations  supporting 
the  PNGV  program. 

•  It  is  not  imperative  for  USCAR  per  se  to  have  a  central,  integrated  platform 
team  guiding  the  program.  Rather,  each  of  the  three  car  companies  must  now 
manage  its  own  internal  operations  so  as  to  develop  their  own  concept  car 
designs,  and  each  must  accordingly  provide  feedback  to  the  PNGV  program, 
including  the  government  participants,  on  the  innovations  that  each  needs. 
Nonetheless,  at  some  point  a  USCAR  technical  director  needs  to  establish  the 
priorities  of  demands  placed  on  PNGV  by  the  individual  car  companies.  There 
will  be  a  premium  on  good  commimications  between  the  parties  so  that 
government-sponsored  projects  can  have  the  highest  probability  of  providing 
the  essential  technology. 

•  Rather  than  PNGV  being  managed  as  a  single-line,  single-focus  program,  it 
now  becomes  a  less  cohesive  assembly  of  individual  projects  aiming  to  satisfy 
the  needs  of  three  different  project  teams.  The  management  challenges  are 
daunting,  and  the  potential  economic  benefits  of  joint  USCAR  developments 
are  perhaps  being  diluted. 


SCHEDULE  AND  RESOURCES 

The  Technical  Roadmap  includes  an  overall  program  schedule  as  well  as  schedules  for 
the  various  technology  teams.  All  the  schedules  appear  to  be  in  line  with  program  objectives  as 
would  be  expected  for  a  roadmap  is  in  its  infancy.  Among  many  challenges  to  meeting  the 
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overall  schedule,  perhaps  the  greatest  are  the  long  delay  in  staning  the  systems  analysis  effort 
and  the  reductions  in  requested  government  FY  1996  funding.  As  discussed  above,  the 
committee  considered  the  delay  in  starting  systems  analysis  to  be  extremely  unfortunate, 
particularly  since  the  reasons  for  the  delay  did  not  appear  insurmoimtable.  The  lack  of  systems 
feedback  to  the  technology  teams  means  that  they  do  not  fiiUy  appreciate  the  system  sensitivity  or 
the  importance  of  their  various  technical  targets— a  problem  that  threatens  the  schedule.  At  this 
time  the  overall  impact  of  the  systems  analysis  delay  on  the  schedule  caimot  be  estimated. 

A  major  issue  of  concern  to  the  committee  is  the  level  of  funding  for  the  government  part 
of  the  PNGV  program.  The  PNGV  program  plan  included  estimates  of  required  government 
funding  levels,  which  were  to  grow  over  time.  These  levels  were  considered  essential  to  program 
success  and  were  based,  in  part,  on  the  expectation  that  the  government  partners  would  fiind 
longer  term,  higher  risk  technologies;  the  industry  partners  would  fund  shorter  term,  lower  risk 
technologies.  FY  1996  was  the  first  year  that  PNGV  program  management  was  able  to  address 
the  government  PNGV  budget  (comprising  activities  at  federal  agencies)  in  a  relatively  cohesive 
fashion.  The  FY  1995  budget  was  akeady  finalized  and/or  working  its  way  through  the  Congress 
when  the  PNGV  program  was  initiated. 

It  is  now  known  that  the  FY  1996  federal  budget  has  been  dramatically  altered  by 
changes  in  federal  government  priorities. The  budgets  for  the  various  federal  PNGV  programs 
have  been  reduced  below  those  requested.  Because  the  final  PNGV  budgets  were  not  known 
when  this  report  was  prepared,  the  committee  was  unable  to  judge  the  impact  of  the  reductions 
on  the  overall  PNGV  schedule.  Without  question,  the  budget  reductions  will  delay  milestone 
achievement  and  increase  the  risk  associated  with  meeting  the  technical  objectives,  unless  a 
reallocation  of  resources  to  the  most  promising  candidate  subsystems  occurs  within  the  PNGV 
program.  The  problem  is  compoimded  by  the  fact  that  the  government  program  manager  does 
not  have  the  authority  to  redeploy  existing  funds  to  the  highest  priority  projects.  When  the 
budgets  are  finalized  and  the  Technical  Roadmap  updated,  the  overall  program  schedule  and 
associated  risk  will  need  to  be  reassessed  in  light  of  the  original  program  goals. 

The  committee  was  also  concerned  that  information  is  not  available  on  the  level  of 
resources  devoted  to  the  PNGV  program  by  the  USCAR  partners. 


PROGRAM  MANAGEMENT 

As  noted  earlier  in  this  report,  the  committee  continues  to  believe  that,  with  respect  to 
detailed  program  management,  the  industry  parmers  would  be  well  served  by  having  a  single 
technical  director  in  USCAR,  as  recommended  in  the  Phase  1  report.  The  absence  of  such 
technical  leadership  has  resulted  in  the  USCAR  members  of  the  PNGV  being  unable  to  use  the 
leverage  of  an  integrated  organization  in  pursuit  of  the  program  goals.  Many  of  the  current 
program  difficulties— the  delay  in  starting  systems  analysis  work,  the  complexities  resulting  from 
the  decision  to  develop  separate  concept  vehicles,  and  the  very  limited  amount  of  time  being 
spent  on  USCAR/PNGV  business  by  some  staff— could  all  be  addressed  more  effectively  if  the 
USCAR  members  of  the  PNGV  formed  an  integrated  working  group  under  a  single  technical 
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director,  rather  than  being  a  team  in  name  only.  The  responsibilities  of  a  USCAR  technical 
director  would  include  estabilishing  appropriate  operating  procedures  and  control  mechanisms. 

On  the  government  side,  the  committee  continues  to  consider  strong  central  program 
management  essential  to  the  success  of  the  program.  The  government  currently  lacks  an  effective 
program  management  organization  and  is  also  in  need  of  a  chief  technical  officer  to  provide 
direction  and  leadership  to  the  many  federal  organizations  supporting  PNGV,'  The  program 
management  office,  located  in  the  DOC,  operates  more  as  an  information  office  than  as  a 
program  director's  office.  The  staff  of  the  program  management  office  have  essentiaUy  no 
ajihority  to  impact  the  federal  program  other  than  through  personal  persuasion.  PNGV 
management  at  the  DOE  similarly  is  not  empowered  to  directly  influence  the  array  of  federal 
projects  potentially  contributing  to  the  PNGV  initiative.  The  majority  of  these  projects  were 
initiated  before  the  advent  of  the  PNGV  program  and,  therefore,  respond  in  varying  degrees  to 
PNGV  needs. 

One  result  of  this  management  arrangement  is  that,  when  the  technology  selection  occurs 
in  1997,  PNGV  management  on  the  government  side  will  have  little  or  no  ability  to  participate 
actively  in  that  process  or  to  redeploy  funds  ft-om  less  significant  projects  to  more  important 
ones.  Consequently,  high  priority  projects  may  not  be  adequately  funded,  and  projects  of  less 
■•elevance  to  PNGV,  albeit  possibly  justified  for  other  purposes,  may  be  funded. 


FOREIGN  TECHNOLOGY 

At  its  October  meeting  the  conunittee  was  briefed  by  representatives  of  some  foreign 
organizations  and  was  provided  an  overview  of  overseas  programs  based  on  broadly  available 
information  (see  appendix  B).  The  U.S.  PNGV  activity  appears  to  have  stimulated  reactions  in 
Europe  and  Japan,  which  have  recently  established  aggressive,  well-funded  advanced  vehicle 
development  programs  in  response  to  the  U.S.  initiative.  Having  effectively  set  a  new  target  for 
international  competitiveness,  the  United  States  can  ill  afford  to  reduce  its  efforts  and 
commitment  to  PNGV.  If  it  were  to  do  so,  the  U.S.  automobile  industry  would  likely  have  its 
international  competitiveness  significantly  damaged  in  the  mid-  to  long-term. 

Some  significant  examples  of  foreign  leadership  are  as  follows: 

•  Audi  is  now  producing  an  aluminum  body  automobile  for  general  sale.  This 
provides  Audi  with  an  advantage  in  the  development  of  such  lightweight 
vehicles. 

•  The  Europeans  are  ahead  of  other  countries  in  diesel  engine  automobiles, 
having  produced  and  sold  them  for  many  years  in  response  to  market  demands 
in  Europe.  These  demands  were  spurred  by  differing  diesel  fuel  pricing  and 
emissions  standards  than  in  the  United  States. 


'  The  comminee  specifically  chose  not  to  address  the  issue  of  where  the  central  govemmem  focus  should  reside, 
since  many  of  the  determining  factors  are  beyond  the  scope  of  the  committee's  task. 
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•  The  Japanese  lead  the  world  in  lightweight,  high-efficiency,  spark-ignited 
engines. 

•  In  gas  turbines  for  hybrid  vehicle  application,  no  leader  is  obvious. 

•  The  Germans  have  a  strong  fuel  cell  development  program. 

•  The  Japanese  have  commericialized  ultracapacitors. 

These  evaluations  must  be  considered  to  be  preliminary.  However,  the  committee 
believes— on  the  basis  of  the  information  provided— that  the  United  States  is  not  in  a  leadership 
position  in  many  of  the  technologies  critical  for  a  successful  PNGV  (table  9-1).  This  puts  the 
United  States  at  a  disadvantage  that  may  be  significant  and  argues  strongly  for  an  appropriately 
funded  federal  and  private  PNGV  program. 


TABLE  9-1  Preliminary  Ranking  of  U.S.,  European,  and  Japanese  Advanced  Automotive 
Technologies 


Technology 


U.S. 


Europe 


Japan 


Internal  combustion,  compression      3 
ignition  engine 


Internal  combustion,  spark  ignition 

2 

engine 

Gasnirbine 

1  (systems). 

FuelceU 

Rywtieel 

1 

Battery 

1  (high  energy) 

Ultracapacitor 

3 

Lightweight  materials 

2 

1  (systems)  1  (components) 

Immamre  technology— no  ratings  assigned 

1  3 

2  1  (high  power) 

3  1 

1  (alummum) 1  (high-strength  steel) 


Note:  1  =  highest  ranidng;  3  =  lowest  ranking 


PEER  REVIEWS  OF  THE  PNGV 

Finally,  the  PNGV  plan  does  not  show  regular  program  reviews  either  by  the  participants 
or  through  independent  reviews.  The  NRC  committee's  first  report  on  the  PNGV  research 
program  was  issued  in  October  1994  (NRC,  1994)  and  was  acknowledged  as  "extremely 
valuable  to  the  project  for  its  ability  to  provide  unbiased,  constructive  suggestions  for 
improvement"  (The  White  House,  1994).  The  committee  suggests  that  regular  program  reviews 
be  explicitly  scheduled  and  that  an  appropriate  budget  be  earmarked  for  this  purpose. 
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RECOMMENDATIONS 

Recommendation.  The  committee  still  strongly  recommends  that  the  partners  in 
USCAR  appoint  a  single  technical  director  as  a  way  of  benefitting  from  the 
leverage  of  an  integrated  organization  in  pursuit  of  PNGV  goals. 

Recommendation.  The  committee  reiterates  its  earlier  recommendation  that 
senior  management  at  DOC  and  DOE  install  a  management  structure  with 
appropriate  authority  and  responsibility  as  soon  as  possible  and  ensure  strong, 
capable  staffing.  This  structure  should  include  a  chief  technical  officer  to  provide 
technical  direction  to  the  wide  array  of  government  technical  activities.  The  role 
of  the  chief  technical  officer  becomes  even  more  critical  in  the  absence  of  a  single 
USCAR  techncial  program  director. 

Recommendation.  The  PNGV  needs  to  have  a  better  calibration  of  the  state  of 
development  and  predictions  for  commercial  availability  of  foreign  technology. 

Recommendation.  As  a  matter  of  lu'gency  and  in  accordance  with  the 
committee's  recommendation  in  its  first  report,  the  PNGV  should  conduct  more 
comprehensive  assessments  and  benchmark  foreign  technology  developments 
relevant  to  the  program.  If  warranted  by  the  results  of  such  analyses,  PNGV 
should  reassess  its  research  priorities. 

Recommendation.  To  be  successful,  a  complex  development  program  such  as 
PNGV  must  have  well  defined  plans  and  objectives,  adequate  resources,  and  the 
support  of  sufficient  fiinding.  It  is  incumbent  upon  both  USCAR  and  the 
government  to  ensure  that  adequate  resoiu-ces  for  the  PNGV  program  are 
provided  in  a  timely  manner  and  used  efficiently  in  overcoming  the  critical 
barriers  to  achieving  PNGV  goals. 
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Given  the  ambitious  scope  of  the  PNGV  program  and  its  decade-long  schedule, 
sustained  commitment  is  needed  for  success.  Significant  benefits  can  be  anticipated  from  the 
program;  notably,  in  economic  competitiveness,  increased  national  security,  and  improved 
environmental  quality.  These  benefits  will,  however,  accrue  over  a  long  period  of  time  and  be 
widely  distributed.  For  these  reasons  it  is  unlikely  that  any  group  of  constituents  will  be  drawn 
to  develop  and  sustain  support  for  the  program,  particularly  in  the  absence  of  a  compelling 
economic  reason  to  do  so.  Therefore,  the  PNGV  has  an  important  role  to  play  in  building 
national  commitment  for  the  program.  The  DOC's  PNGV  program  office  has  made  significant 
progress  in  this  regard  over  the  past  year,  expanding  its  outreach  and  building  support  across  a 
number  of  constituencies.  Information  presented  to  the  committee  at  its  meeting  in  Dearborn, 
Michigan,  in  August  1995  indicated  that  USCAR  has  also  made  a  concerted  effort  to  inform 
Congress  and  the  public  about  this  program. 

In  the  view  of  the  committee,  a  project  of  this  magnimde  and  complexity  requires 
sustained  public  support— based,  in  part,  on  tangible  results— to  succeed.  Capmring  the 
public's  interest  in  new  technologies  to  meet  fumre  individual  driving  needs  involves 
establishing  public  expectations.  The  committee  offers  some  suggestions  for  means  by  which 
this  might  be  achieved. 

Perhaps  most  significantly,  the  industry  partners  of  the  PNGV  are  well  positioned  to 
build  public  support  for  this  project  through  advertising.  Showcasing  the  PNGV  vehicle— a 
highly  efficient,  environmentally  friendly  car— and  its  successful  development  through  the 
duration  of  the  program  in  a  wide  array  of  venues  from  automobile  shows  to  television  to  print 
has  potential  for  increasing  public  support  for  the  project  and  developing  a  market  for  the 
ultimate  products. 

PNGV  has  undertaken  a  media  education  effort  to  build  national  commitment  for  the 
program.  The  committee  commends  this  response  to  the  recommendation  regarding  national 
committment  in  the  Phase  1  report.  An  ongoing  challenge  will  be  to  obtain  credit  for 
significant  innovations  that  may  be  perceived  as  only  loosely  associated  with  the  PNGV.  A 
number  of  channels  are  being  pursued  through  print  and  video  communications.  One  such 
means  to  educate  the  media  and  others  is  USCAR's  publication  Dateline  2000.  This 
publication  might  feamre  the  PNGV  in  each  issue  and  continue  to  be  circulated  to  key  federal, 
state,  and  local  policy  makers,  schools,  and  universities,  as  well  as  to  media  outlets  and 
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suppliers,  to  build  their  support  and  involvement  in  the  project.  Another  means  of  media 
education  rests  with  the  government  partners.  To  date,  only  DOC  has  pursued  media  attention 
in  PNGV  activities.  However,  the  DOE  is  the  largest  participant  in  terms  of  research  projects, 
followed  by  the  National  Science  Foundation  (NSF).  In  the  committee's  view,  increased 
commitment  and  visible  participation  of  all  the  government  partners  (especially  DOE,  NSF, 
DOD,  DOT,  NASA,  the  U.S.  Department  of  the  Interior,  and  the  U.S.  Environmental 
Protection  Agency)  is  needed  if  the  PNGV  project  is  to  have  a  reasonable  chance  of 
succeeding.  The  fact  that  DOT  has  decided  on  a  "zero"  contribution  to  PNGV  in  FY  1996  and 
that  NASA's  contributions  to  the  systems  analysis  work  are  uncertain  beyond  FY  1996 
suggests  a  lack  of  commitment  to  the  program  within  the  administration. 

The  committee  noted  that  strong  coordination  among  public  affairs  representatives  of 
all  participating  agencies  could  be  very  beneficial  to  the  PNGV  program.  The  single  biggest 
effort  to  date  appears  to  have  come  from  DOC,  and  it  is  not  clear  that  other  government 
departments  have  been  similarly  engaged  in  helping  to  build  and  maintain  support  for  the 
project.  In  this  context,  improved  federal  program  management  to  support  the  entire  program 
concept  would  be  beneficial  in  demonstrating  a  cohesive,  well-defmed  effort. 

The  World  Wide  Web  (WWW)  site,'  which  has  been  established  on  the  Internet,  is  a 
useful  tool  for  performing  public  outreach  on  the  program  and  is  a  notable  PNGV  achievement 
of  the  past  year.  Built  into  this  communication  device  is  an  allowance  for  tracking  the  number 
of  individuals  who  enter  the  site,  documenting  their  comments,  and  identifying  their 
affiliation.  Analyzing  public  input  at  the  WWW  site  could  give  the  PNGV  some  understanding 
of  where  public  support  exists,  what  the  criticisms  of  the  partnership  are,  and  how  best  to 
respond  to  public  questions  and  skepticism. 

Building  liaisons  with  public  interest  groups  that  are  interested  in  the  outcome  of  the 
program  and  supportive  of  its  success  could  also  be  important  in  gathering  public  support.  As 
noted  in  the  Phase  1  report,  environmental,  community,  labor,  and  other  related  interest 
groups  could  be  instrumental  in  advocating  the  project,  which,  in  turn,  could  enhance  public 
and  policy-maker  support  for  the  partnership. 

The  committee  noted  that  there  are  oppormnities  for  the  PNGV  parmership  to  enhance 
links  between  the  project  and  the  larger  transportation  community.  Expanded  participation  at 
meetings  of  automotive  and  transportation  professionals  and  policy  makers  could  provide  an 
important  outlet  for  public  education  and  support  for  the  partnership.  Such  fonmis  might 
include  aimual  meetings  of  NRC's  Transportation  Research  Board,  the  Society  of  Automotive 
Engineers,  the  American  Association  for  the  Advancement  of  Science,  automotive  shows  and 
exhibitions,  and  other  relevant  professional  and  industry  meetings.  These  avenues  provide 
outreach  to  employees  of  the  U.S.  automotive  industry  and  its  suppliers  and  to  trade 
associations  and  other  related  groups  connected  with  personal  transportation. 

The  committee  noted  that  the  success  of  the  PNGV  program  depends  on  members  of 
Congress  and  their  staffs  being  kept  fully  apprised  by  the  PNGV  of  the  program's  process, 
goals,  and  stams  through  regularly  scheduled  briefings  and  invitations  to  attend  activities  and 
meetings  related  to  the  program.  In  budget  hearings,  it  could  be  beneficial  for  the  program's 


'  The  PNGV  site  can  be  reached  directly  at  http://picard. aero. hq.nasa.gov/inde;i. html. 


296 


National  Commitment  '' 

leadership  to  provide  a  joint  presentation  on  PNGV,  not  from  one  agency,  but  of  the  entire 
program  from  all  federal  participants.  This  would  ensure  that  the  Congress  has  the  opportunity 
to  review  and  fund  an  entire  program  and  would  miniinize  the  problems  associated  with  the 
traditional  piecemeal  approach,  with  each  department  briefmg  its  appropriations  committee  on 
its  part  of  the  broad  program.  The  current  fragmented  approach  does  not  permit  an  integrated 
approach  to  understanding  the  major  benefits  resulting  from  meeting  the  national  goals  defined 
in  the  PNGV  program. 

As  indicated  by  the  preceding  discussion,  opportunities  exist  for  the  PNGV  to  educate 
the  public  and  policy  makers,  engage  the  media,  and  form  liaisons  with  the  public  interest 
community  through  coordinated  policy,  outreach,  and  education  efforts.  In  this  context,  the 
committee  was  encouraged  by  its  observation  that,  in  a  number  of  instances,  good  working 
relationships  and  lines  of  communication  are  beginning  to  be  established  between  the  PNGV 
partners.  It  appears  that  the  barrier  between  government  and  the  automotive  industry  is  starting 
to  break  down,  allowing  a  fruitful  exchange  of  ideas  and  resources. 
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STANDING  COMMITTEE  TO  REVIEW  THE  RESEARCH  PROGRAM  OF  THE 
PARTNERSHIP  FOR  A  NEW  GENERATION  OF  VEHICLES 


Trevor  O.  Jones  (NAE)  is  chainnan  of  the  board  (retired)  of  Libbey-Owens-Ford  Co.,  a  major 
manufacturer  of  glass  for  automotive  and  construction  applications;  vice  chairman  of  Echlin  Inc., 
a  major  supplier  of  automotive  after  market  parts;  and  chairman  and  chief  executive  officer  of 
International  Development  Corporation,  a  private  management  consulting  company.  Previously, 
he  was  an  officer  of  TRW  Inc.,  serving  in  various  capacities  in  the  company's  Automotive 
Worldwide  Sector,  including  vice  president  of  engineering  and  group  vice  president. 
Transportation  Electronics  Group.  Prior  to  joining  TRW,  he  was  employed  by  General  Motors 
in  many  aerospace  and  automotive  executive  positions,  including  director  of  General  Motors 
Proving  Grounds;  director  of  the  Delco  Electronics  Division,  Automotive  Electronic  and  Safety 
Systems;  and  director  of  General  Motors'  Advanced  Product  Engineering  Group.  Mr.  Jones  is  a 
fellow  of  the  American  Institute  of  Electrical  and  Electronics  Engineers  and  has  been  cited  for 
"leadership  in  the  application  of  electronics  to  the  automobile."  He  is  also  a  fellow  of  the 
American  Society  of  Automotive  Engineers,  a  fellow  of  the  British  Instimtion  of  Electrical 
Engineers,  a  registered  professional  engineer  in  Wisconsin,  and  a  chartered  engineer  in  the 
United  Kingdom.  He  holds  many  patents  and  has  lectured  and  written  on  the  subjects  of 
automotive  safety  and  electronics.  He  is  a  member  of  the  National  Academy  of  Engineering 
(NAE)  and  the  National  Research  Council's  (NRC's)  Commission  on  Engineering  and  Technical 
Systems.  Mr.  Jones  has  served  on  NRC  smdy  committees,  including  the  Committee  for  a 
Strategic  Transportation  Research  Study  on  Highway  Safety,  and  chairs  the  NAE  Steering 
Committee  on  the  Impact  of  Products  Liability  Law  on  Innovation.  He  holds  degrees  in  electrical 
engineering  from  Aston  Technical  College  and  mechanical  engineering  from  Liverpool  Technical 
College. 
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Donald  J.  Bailey  is  director  for  research  and  technology  partnering  at  the  Ohio  Aerospace 
Institute  where  he  is  responsible  for  collaborative  teaming  activities  directed  towards  advanced 
technology  development,  including  materials  and  manufacturing.  Dr.  Bailey  began  his  career  as  a 
senior  research  metallurgist  at  General  Motors  Corporate  Research  Laboratories  with 
responsibility  for  research  on  materials  applications  for  automotive  vehicle  weight  reduction 
programs.  He  subsequently  joined  General  Electric  Company,  where  his  positions  included 
manager  of  advanced  development  engineering  and  manager  of  marketing  and  product 
technology  for  the  Transformer  Business  Department.  He  spent  five  years  as  a  vice  president  of 
Kulhman  Corporation,  a  manufacturer  of  power  distribution  transformers  and  automotive 
products,  before  joining  the  Ohio  Aerospace  Institute  in  1991.  Dr.  Bailey  received  his  B.S., 
M.S.,  and  Ph.D.  in  metallurgical  engineering  from  the  University  of  Washington  in  Seattle. 

Harry  E.  Cook  (NAE)  is  director  of  the  Manufacturing  Research  Center  at  the  University  of 
Illinois  at  Urbana.  Previously,  he  was  general  manager  of  scientific  affairs,  Chrysler 
Corporation,  and  director  of  automotive  research  and  technical  systems.  He  spearheaded  the 
development  of  the  first  cooperative  research  program  within  the  U.S. -based  automotive 
industry,  which  lead  to  a  precompetitive  research  joint  venture  on  polymer-based  structural 
composites.  He  also  initiated  joint  efforts  to  set  industry  standards  for  a  new  generation  of 
computer-aided  design/computer-aided  manufacture  (CAD/CAM)  systems  and  was  instnunental 
in  bringing  CAD/CAM  technologies  and  knowledge-based  systems  to  the  production  line.  Prior 
to  joining  Chrysler,  Dr.  Cook  held  a  variety  of  management  positions  at  the  Product 
Development  Group  at  Ford  Motor  Company.  In  1972,  he  joined  the  Department  of  Metallurgy 
and  Mechanical  Engineering  at  the  University  of  Illinois,  where  he  held  a  joint  ftill  professorship 
in  the  two  departments.  He  is  a  fellow  of  the  American  Society  of  Metals  and  a  fellow  of  the 
American  Society  of  Automotive  Engineers.  He  is  a  member  of  the  NAE  and  the  NRC's 
National  Materials  Advisory  Board.  Dr.  Cook  served  as  a  member  of  the  NRC  Committee  on 
Materials  for  the  21st  Century.  He  received  his  B.S.  and  M.S.  degrees  in  metallurgy  from  Case 
Institute  of  Technology  and  his  Ph.D.  in  material  science  from  Northwestern  University. 

R.  Gary  Diaz  is  senior  vice  president  of  manufacturing  and  engineering  for  Case  Corporation, 
with  responsibility  for  providing  general  management  and  directing  the  leadership  of  global 
product  development  and  production  for  an  agricultural  and  construction  equipment  company. 
He  previously  held  a  number  of  positions  with  General  Dynamics  Land  Systems,  including 
division  vice  president  and  general  manager.  Development  and  Integration  Business  Unit;  vice 
president.  Research  Engineering  and  Logistics;  director.  Engineering  Programs;  and  engineering 
manager.  Advanced  Ground  Vehicle  Technology.  Mr.  Diaz  participated  extensively  in  the 
development  of  the  M1A2  Abrams  tank;  notably,  the  technology  base  for  system  sensors, 
electronics,  communications,  and  software.  He  also  managed  product  development  and 
engineering  for  the  advanced  amphibious  assault  vehicle  and  the  heavy  assault  bridge.  Mr.  Diaz 
received  his  B.S.  in  mechanical  engineering  and  his  M.S.  in  engineering  from  the  University  of 
Florida. 
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Kennerly  H.  Digges  is  research  professor  of  engineering  and  director  of  biomechanics  and 
automotive  safety  research,  George  Washington  University.  Previously,  he  was  a  senior 
executive  in  the  U.S  Department  of  Transportation's  National  Highway  Traffic  Safety 
Administration  (NHTSA).  At  NHTSA,  he  managed  research  to  advance  motor-vehicle  crash- 
safety  standards,  such  as  side-impact  protection,  and  led  the  development  of  experimental 
automobiles  that  protect  occupants  in  severe  crashes.  He  was  also  head  of  NHTSA's  Rulemaking 
Office  and  contributed  to  the  introduction  of  automatic  restraints  for  new  cars.  Prior  to  joining 
NHTSA,  Dr.  Digges  spent  10  years  directing  the  U.S.  Air  Force  research  program  in 
mechanical  systems  for  aircraft.  He  is  a  past  director  of  the  Transportation  Rehabilitation 
Engineering  Center  of  the  National  Institute  for  Disability  and  Rehabilitation  Research.  He 
received  his  B.S.  in  mechanical  engineering  from  Virginia  Polytechnic  Institute  and  his  M.S.  and 
Ph.D.  in  mechanical  engineering  ft^om  Ohio  State  University.  Dr.  Digges  is  a  member  of  the 
American  Society  of  Automotive  Engineers,  serving  as  a  Technical  Board  member  and  a  seminar 
instructor  in  computer  accident  reconstruction.  He  is  an  internationally  recognized  expert  in  the 
field  of  automotive  safety  and  has  published  nimierous  papers  on  accident  characterization  and 
safety  performance. 

Deborah  Gordon  is  director  of  energy  programs  with  the  Union  of  Concerned  Scientists  (UCS). 
Previously,  she  was  UCS's  transportation  and  energy  policy  analyst  of  the  Energy  Policy 
Program.  She  served  as  research  assistant  at  the  U.S.  Department  of  Energy's  Lawrence 
Laboratory  and  held  an  L.B.J.  Fellowship  at  the  U.S.  House  of  Representatives,  working  in  the 
area  of  energy  and  the  environment.  She  was  a  chemical  and  regulatory  engineer  in  the 
Production  Department  of  Chevron  U.S.A.,  Inc.  Ms.  Gordon  earned  her  B.S.  in  chemical 
engineering  at  the  University  of  Colorado,  Boulder,  and  her  master's  of  public  policy  degree  at 
the  University  of  California,  Berkeley.  Her  most  recent  publication,  featured  in  Forum  for 
Applied  Research  and  Public  Policy,  is  titled  "Alternative  Fuels  Versus  Gasoline:  A  Market 
Niche?"  She  is  the  author  of  the  1991  book.  Steering  a  New  Course:  Transportation,  Energy  and 
the  Environment,  and  several  other  papers  and  reports.  She  has  delivered  expert  testimony  on 
energy  and  environmental  issues  at  the  local,  state,  and  national  levels. 

David  F.  Hagen  is  director  and  president  of  the  Michigan  Center  for  High  Technology  in 
Detroit.  He  spent  35  years  with  Ford  Motor  Company,  where  his  most  recent  position  (prior  to 
retirement)  was  general  manager,  alpha  simultaneous  engineer.  Ford  Technical  Affairs.  Under 
his  leadership,  Ford's  alpha  activity,  which  involves  the  identification,  assessment,  and 
implementation  of  new  product  and  process  technologies,  evolved  into  the  company's  global 
resource  for  leading-edge  automotive  product,  process  and  analytical  technologies.  Mr.  Hagen 
led  the  introduction  of  the  first  domestic  industry  feedback  electronics,  central  fuel  metering,  full 
electronic  engine  controls,  and  numerous  4-cylinder,  V6,  and  V8  engines.  Mr.  Hagen  received 
his  B.S.  and  M.S.  in  mechanical  engineering  from  the  University  of  Michigan.  He  serves  on  the 
boards  of  the  Engineering  Society  of  Detroit  and  the  School  of  Management,  University  of 
Michigan-Dearborn,  and  on  the  Engineering  Advisory  Boards  of  both  Western  Michigan 
University  and  the  University  of  Michigan-Dearborn. 
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Robert  L.  Hirsch  is  president.  Energy  Technology  Collaborative,  Inc.  of  Washington,  D.C. 
Prior  to  June  1994,  he  was  vice  president,  Washington  Office,  Electric  Power  Research  Institute 
(EPRI).  He  is  a  member  of  the  NRC's  Board  on  Energy  and  Environmental  Systems  and  was  a 
member  of  the  >fRC's  Energy  Engineering  Board  from  1992-1994.  He  has  also  served  on 
several  National  Research  Council  committees  and  was  chairman  of  the  Committee  to  Examine 
the  Pesearch  Needs  of  the  Advanced  Extraction  and  Process  Technology  Program  (Board  on 
Cheiri.al  Sciences  and  Technology).  Prior  to  joining  EPRI,  Dr.  Hirsch  was  vice  president  and 
manager.  Research  and  Technical  Services  Department,  ARCO  Oil  and  Gas  Company;  chief 
executive  officer  of  ARCO  Power  Technologies;  manager,  Exxon  Baytown  Research  and 
Development  Division;  and  general  manager.  Exploratory  Research,  Exxon  Research  and 
Engineering  Company.  Earlier,  he  served  as  assistant  administrator  for  Solar,  Geothermal,  and 
Advanced  Energy  Systems  and  irector.  Division  of  Magnetic  Fusion  Energy  Research,  U.S. 
Energy  Research  and  Development  Administration.  He  holds  a  Ph.D.  in  engineering  and  physics 
from  the  University  of  Illinois.  ' 

Craig  Marks  (NAE)  is  president.  Creative  Management  Solutions.  He  is  also  visiting  professor 
in  both  the  College  of  Engineering  and  the  School  of  Business  Administration  at  the  University 
of  Michigan  and  Co-Director  of  the  Michigan  Joint  Manufacturing  Initiative.  He  is  a  retired  vice 
president  of  technology  and  productivity  for  Allied  Signal  Automotive  with  responsibility  for 
product  development;  manufacmring;  quality;  health,  safety,  and  environment;  commimications; 
and  business  planning.  Previously,  in  TRW's  Automotive  Worldwide  Sector,  Dr.  Marks  was 
vice  president  for  engineering  and  technology  and  later  served  a  the  vice  president  of  technology 
at  TRW  Safety  Restraint  Systems.  Prior  to  joining  TRW,  he  held  various  positions  at  General 
Motors  Corporation,  including  executive  director  of  the  engineering  staff;  assistant  director  of 
advanced  product  engineering;  engineer  in  charge  of  power  development;  electric  vehicle 
program  manager;  supervisor  for  long  range  engine  development;  and  executive  director  of  the 
environmental  activities  staff.  He  is  a  member  of  the  NAE  and  a  fellow  of  the  Society  of 
Automotive  Engineers.  Dr.  Marks  received  his  BSME,  MSME,  and  Ph.D.  in  mechanical 
engineering  from  the  California  Instimte  of  Technology. 

Seymour  L.  Meisel  (NAE)  is  retired  vice  president  for  research,  Mobil  Oil  Corporation.  He  was 
responsible  for  all  corporate  research  activities  directed  at  exploration,  production,  refining, 
catalysis,  petroleum  products,  and  petrochemicals.  His  work  also  addressed  research  and 
development  on  synthetic  fuels  from  coal  and  shale,  and,  as  a  director  of  Mobil  Solar  Energy 
Corporation,  he  was  involved  in  a  venture  to  produce  photovoltaic  systems.  Dr.  Meisel  is  a 
director  of  Environgen,  a  fellow  of  the  American  Association  for  the  Advancement  of  Science, 
and  a  member  of  the  American  Chemical  Society  and  of  the  American  Instimte  of  Chemical 
Engineers.  He  is  a  member  of  the  NAE  and  served  as  a  member  of  the  NRC's  Energy 
Engineering  Board  from  1990  thorugh  1994.  He  is  the  author  or  coauthor  of  many  scientific 
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publications,  holds  a  number  of  patents,  and  has  lectured  extensively  to  university  and  industrial 
groups.  Dr.  Meisel  received  a  Ph.D.  in  chemistry  from  the  University  of  Illinois. 

Jerome  G.  Rivard  (NAE)  is  president  of  Global  Technology  and  Business  Development, 
advising  business  and  universities  on  global  business  approaches  to  automotive  electronics.  He 
previously  held  a  number  of  senior  management  positions  with  the  Bendix  Corporation  and  Ford 
Motor  Company,  including  vice  president  for  the  Allied  Automotive  Sector  of  Bendix 
Electronics  Group;  group  director  of  engineering  for  Bendix  Electronic  Fuel  Injection  Division; 
manager  of  the  Bendix  Automotive  Advanced  Concepts  Program;  and  chief  engineer  for  the 
Electrical  and  Electronics  Division  of  Ford.  Mr.  Rivard  built  an  engineering  group  with  skills  in 
electronics,  electromechanical  devices,  fluid  flow  control,  combustion  and  power  production, 
and  control  systems  integration.  He  applied  a  systems  approach  to  technical  discipline 
management  and  adopted  financial  management  systems  to  effectively  plan  and  control 
engineering  projects  for  maximum  return  on  investment.  Mr.  Rivard  is  a  member  of  the  NAE 
and  a  fellow  of  the  Instimte  of  Electrical  and  Electronic  Engineering  and  the  Society  of 
Automotive  Engineers.  He  received  his  BSME  from  the  University  of  Wisconsin. 

Vernon  P.  Roan  is  director  of  the  Center  for  Advanced  Studies  in  Engineering  and  professor  of 
mechanical  engineering  at  the  University  of  Florida,  where  he  has  been  a  faculty  member  for 
nearly  30  years.  He  was  previously  a  senior  design  engineer  with  Pratt  and  Whitney  Aircraft. 
Dr.  Roan  has  over  25  years  of  research  and  development  experience.  He  is  currently  developing 
improved  modeling  and  simulation  systems  for  a  fiiel-cell  bus  program  and  works  as  a  consultant 
to  Pratt  and  Whimey  on  advanced  gas  tiffbine  propulsion  systems.  His  research  at  the  University 
of  Florida  has  involved  both  spark-ignition  and  diesel  engines  operating  with  many  alternative 
fuels  and  advanced  concepts  for  both  types  of  engine.  Together  with  groups  of  engineering 
students  he  designed  and  built  a  20-passenger  diesel-electric  bus  for  the  Florida  Department  of 
Transportation  and  a  hybrid-electric  urban  car  using  an  internal  combustion  engine  and  lead-acid 
batteries.  He  has  served  as  a  consultant  to  the  Jet  Propulsion  Laboratory,  monitoring  electric  and 
hybrid  vehicle  programs.  Dr.  Roan  received  his  B.S.  in  aeronautical  engineering  and  his  M.S.  in 
engineering  from  the  University  of  Florida  and  his  Ph.D.  in  engineering  from  the  University  of 
Illinois.  He  has  organized  and  chaired  two  national  meetings  on  advanced  vehicle  technologies 
and  a  national  seminar  on  the  development  of  fuel<ell-powered  automobiles,  and  has  published 
numerous  technical  papers  on  innovative  propulsion  systems. 

Supramaniam  Srinivasan  obtained  his  B.S.  degree  in  chemistry  from  the  University  of  Ceylon 
and  his  Ph.D.  degree  in  physical  chemistry  from  the  University  of  Pennsylvania.  His  is 
internationally  recognized  for  his  contributions  in  electrochemistry,  electrochemical  energy 
conversion  and  storage,  with  emphasis  on  hydrogen  energy  technologies  and 
bioelectrochemistry.  Dr.  Srinivasan  established  electrochemistry /electrochemical  technology 
laboratories  at  the  State  University  of  New  York-Downstate  Medical  Center,  Brookhaven 
National  Laboratory,  Los  Alamos  National  Laboratory,  Institute  for  Hydrogen  Systems  at  the 
University  of  Toronto,  and  Texas  A&M  University.  While  working  in  these  laboratories,  he 
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irained  and  continues  to  train  visiting  scientists  and  engineers,  postdoctoral  research  associates, 
and  undergraduate  and  graduate  students  in  fundamental  and  applied  areas.  He  has  promoted 
mission-oriented  research  and  development  projects  in  electrochemical  energy  conversion  and 
storage  and  in  bioelectrochemistry,  involving  collaborations  with  universities,  national 
laboratories,  and  industries.  He  has  assisted  the  U.S.  Department  of  Energy  in  the  technical 
management  of  fuel  cell,  battery  and  hydrogen  energy  technology  projects.  While  at  Brookhaven 
National  Laboratory,  he  played  a  major  role  in  initiating  the  "Fuel  Cells  for  Transportation 
Program,"  sponsored  by  the  U.S.  Department  of  Energy.  He  has  served  as  the  technical 
secretary  to  the  U.S.  delegation  for  the  International  Energy  Agency  Hydrogen  Production 
Research  and  Development  Program.  He  has  organized  workshops  and/or  symposia  for  the  U.S. 
Department  of  Energy  and  the  Electrochemical  Society.  He  has  more  than  200  publications, 
including  a  book;  chapters  in  books;  reviews;  and  journal  articles.  Dr.  Srinivasan  has  been  an 
invited  or  keynote  speaker  at  several  national  and  international  meetings. 

Vickie  V.  Sutton  is  research  associate  professor  at  the  Uniformed  Services  University  of  Health 
Sciences,  Division  of  Environmental  and  Occupational  Medicine.  Her  previous  positions  include 
senior  policy  analyst,  and  later  assistant  director,  at  the  White  House  Office  of  Science  and 
Technology  Policy;  special  assistant  for  policy,  planning  and  evaluation  at  the  U.S. 
Environmental  Protection  Agency;  and  executive  vice  president  of  Seaguard  Corporation,  a 
manufacmrer  of  marine  coatings.  She  has  also  held  positions  at  George  Mason  University  and 
the  George  Washington  University.  During  her  tenure  at  the  Office  of  Science  and  Technology 
Policy,  Dr.  Sutton  was  responsible  for  the  Federal  Coordinating  Council  for  Science, 
Engineering  and  Technology,  and  was  extensively  involved  in  coordinating  activities  among 
different  government  agencies  as  well  as  the  public,  private,  and  intergovernmental  sectors.  She 
brings  to  the  committee  first-hand  experience  in  the  development  and  implementation  of  White 
House  initiatives  in  science,  engineering,  and  technology,  including  high  performance  computing 
and  communications,  U.S.  global  climate  change  research,  advanced  materials  processing,  and 
mathematics  and  science  education.  In  addition,  she  has  expertise  in  strategic  planning  involving 
le  implementation  of  new  technologies  and  enviroiunental  risk  and  regulatory  issues.  Dr.  Sutton 
-ceived  her  Ph.D.  in  environmental  science  from  the  University  of  Texas  at  Dallas,  her  M.P.A. 
from  Old  Dominion  University,  and  B.S.  degrees  in  zoology  and  animal  science  from  North 
Carolina  State  University. 


C.  Michael  Walton  (NAE)  holds  the  Ernest  H.  Cockrell  Centennial  Chair  in  Engineering  and  is 
chairman  of  the  Department  of  Civil  Engineering  at  the  University  of  Texas  at  Austin.  He  holds 
a  joint  academic  appointment  in  the  Lyndon  B.  Johnson  School  of  Public  Affairs.  He  has  been 
actively  involved  in  research  related  to  transport  policy  and  engineering  analysis  for 
approximately  29  years,  and  he  has  served  on  or  chaired  a  number  of  national  smdy  panels.  Dr. 
Walton  was  elected  to  the  NAE  in  1993.  He  is  past-chair  of  the  Executive  Committee  of  the 
Transportation  Research  Board  of  the  NRC.  He  serves  on  the  Board  of  Directors  of  the 
International  Road  Federation  and  is  chairman  of  the  Technical  Activities  Committee  for  the 
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American  Society  of  Civil  Engineers.  Dr.  Walton  received  his  B.S.  in  civil  engineering  from  the 
Virginia  Military  Institute  and  his  M.S.  and  Ph.D.  in  civil  engineering  from  North  Carolina  State 
University. 

NATIONAL  RESEARCH  COUNCIL  STAFF 

Mahadevan  (Dev)  Mani  has  recently  become  the  associate  executive  director  of  the  Commission 
on  Engineering  and  Technical  Systems  of  the  NRC.  Previously,  Dr.  Mani  was  the  director  of  the 
Board  on  Energy  and  Environmental  Systems  of  the  NRC.  He  has  been  with  the  NRC  since 
April  1989.  The  board  conducts  a  program  of  activities  to  provide  independent  scientific  and 
technical  advice  to  the  U.S.  government  and  the  private  sector  on  energy  and  related 
environmental  issues  affecting  public  policy.  Dr.  Mani  came  to  the  NRC  from  TRW,  where  he 
had  held  various  positions  since  1975.  He  was  director,  federal  marketing  development,  for  the 
Federal  Systems  Group  of  TRW' s  Space  and  Defense  Sector  from  1987  to  1989.  Previously,  he 
was  director,  planning  and  analysis,  in  TRW's  Science  and  Technology  Department.  From  1975 
to  1983  he  was  with  TRW's  Energy  Development  Group,  responsible  for  the  management  of 
projects  imdertaken  for  the  U.S.  Energy  Research  and  Development  Administration,  U.S. 
Department  of  Energy,  the  Energy  Information  Administration,  the  Oak  Ridge  National 
Laboratory,  and  other  clients.  Dr.  Mani  received  his  Ph.D.  in  energy  management  and  policy 
from  the  University  of  Pennsylvania,  his  M.S.  in  materials  engineering  from  Drexel  University, 
and  his  B.Tech.  in  metallurgy  from  the  Indian  Institute  of  Technology,  Madras. 

Jill  Wilson  is  a  senior  program  officer  with  the  Board  on  Energy  and  Environmental  Systems 
and  was  study  director  for  Strategic  Assessment  of  the  U.S.  Department  of  Energy  Coal 
Program.  She  joined  the  NRC  in  March  1993  and  has  worked  on  studies  related  to  issues  in 
energy,  materials  engineering,  and  environmental  science.  Dr.  Wilson  was  previously  a  research 
scientist  with  a  small  consulting  company  in  Washington,  D.C.,  investigating  aspects  of 
submarine  technology.  Before  coming  to  the  United  States  in  1988,  she  was  responsible  for 
advanced  materials  development  at  British  Aerospace  Military  Aircraft  Division,  Warton,  United 
Kingdom.  She  received  her  B.A.  in  natural  sciences  and  her  Ph.D.  in  physics,  both  from  the 
University  of  Cambridge.  She  also  holds  a  diploma  in  liberal  aits  from  the  University  of 
Toulouse,  France. 

Nan  Himiphrey  is  a  senior  staff  officer  at  the  Transportation  Research  Board  (TRB),  a  imit  of 
the  NRC.  She  has  been  with  the  Studies  and  Information  Services  Division  of  TRB  for  nine  years 
and  has  managed  several  policy  studies,  ranging  from  an  evaluation  of  size  regulations  for  heavy 
trucks  on  highway  safety,  industry  productivity,  traffic  operations,  and  road  wear  to  a  strategic 
smdy  of  highway  safety  research  priorities  and  programs  to  a  smdy  of  data  requirements  to 
support  transportation  policy.  Currently,  she  is  managing  a  study  of  the  effects  of  highway 
capacit>'  improvements  on  air  quality  and  energy  consumption,  which  is  jointly  funded  by  the 
Federal  Highway  Administration,  the  Environmental  Protection  Agency,  state  departments  of 
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transportation  (through  the  National  Cooperative  Highway  Research  Program),  and  TRB.  Ms. 
Humphrey  has  a  master's  degree  in  public  and  private  management  from  the  Yale  School  of 
Management. 

Wendy  Lewallen  is  a  senior  project  assistant  in  the  NRC's  Board  on  Energy  and  Environmental 
Systems.  She  has  been  with  the  NRC  since  1993.  She  received  her  B.A.  in  political  science,  with 
a  minor  in  education,  from  the  University  of  Southern  California  and  taught  high  school  social 
science  for  two  years  in  Long  Beach,  California.  Ms.  Lewallen  is  currently  studying  for  a 
master's  degree  in  bilingual/multicultural  education  at  George  Mason  University. 
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1.  Committee  Meeting,  Augiist  28-31,  1995,  Dearborn,  Michigan 

The  following  presentations  were  made  to  the  committee  by  members  of  the  PNGV: 

Scope  of  the  Peer  Review— Mary  Good,  John  McTague 

Review    PNGV    Response    to    First    Study    with    USCAR   and    U.S.    Government 
Executives— /?oi>  Chapman,  Bob  Mull 

Overall  PNGV  Program  Status  Against  Detailed  Schedules  and  Specific  Objectives— 
Ron  York 

PNGV  Resource  Requirements  and  Sources— Perer  Rosenfeld,  Pandit  Patil 

Systems  Analysis 

PNGV  Decision  Process— Owen  Viergutz 
Vehicle  Engineering— ^/qmj  Winkelmann 
Systems  Analysis— MMfos/m  Salman,  Harvey  Bloomfield 

Review  of  PNGV  Materials  Issues,  Selection  Criteria,  and  Projected  Resources— 7o/i/j 
Fillion 

Powertrains 

4-Stroke  Direct  Injection  Engines— Davit/  Foulkes 

Fuel  CtWs— Chris  Borroni-Bird 

Gas  Turbines— 7erry  Skellenger 

Chemical  Batteries  and  Ultracapacitors— WaroW  Haskins 

Flywheel— Cyrus  Ashtiani,  Don  Bender 

Hybrid  Electric  Vehicle  Propulsion  Programs— Brad  Bates 

Review  of  Active  Third-Party  Support  to  PNGV  Program— Perer  Rosenfeld 
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PNGV  Infrastructure  Issues— So/?  Mull,  Larry  Johnson 

PNGV  Barriers 

Major  Barriers  to  Success  in  Terms  of  Technology,  Vehicle  Cost,  Schedules, 

and  Resources— /?on  York 
Identify  Government  Agencies  with  Minimal  Support  to  PNGV  Who  Have 

More  to  Contribute— ^06  Chapman 

The  committee  also  received  a  demonstration  of  the  PNGV  Home  Page  on  the  World 
Wide  Web  and  was  provided  with  written  status  reports  by  the  PNGV  on 
activities  relating  to  goals  1  and  2. 

On  August  27,  1995,  selected  members  of  the  conmiittee  and  NRC  staff  received  an 
overview  of  the  PNGV  program  from  representatives  of  USCAR  and  the  U.S. 
government. 

A  review  of  Ford  Concept  Vehicle  activities  was  provided  to  the  full  committee  by 
Chuck  Risch  of  Ford  Motor  Company  on  August  29,  1995. 


Committee  Meeting,  October  30-November  2,  1995,  Washington,  D.C. 

The  committee  received  the  following  presentations  from  representatives  of  industry 
and  the  government,  including  the  national  laboratories: 

Update  on  FY  1996  Budget  and  Impact  of  Budget  Changes  on  the  PNGV  Program— 
Rob  Chapman  and  Pandit  Patil,  PNGV 

Materials  Technology 

Update    on    PNGV    Technical    Roadmap— Materials    and    Strucmres,    Andy 

Sherman,  PNGV 
Steel— Darry/  Martin,  American  Iron  and  Steel  Institute  (AISI) 
Aluminum— Af/A:e  Wheeler,  Aluminum  Association 
Polymer  Matrix  Composites— £/(o  Eusebi,  PNGV 
Composite  Vehicle  Manufacmring— 5///  Mellian,  Owens  Coming 
Why  Carbon  Fibers?— Mi^e  Michno,  Amoco 

Powertrains— Additional  Development  Activities 

Reduction  of  Nitrogen  Oxide  Emission  for  Lean  Bum  Engine  Technology— 

Stephen  Lott,  Sandia  National  Laboratories,  and  Bob  Hammerle,  PNGV 
Fuel  Additives  and  Formulations  for  NO^  Control  in  Direct  Injection  Diesel 

EngvD&s— Ronald  Graves,  Oak  Ridge  National  Laboratory 
Advanced  Diesel  Engine  Technologies— 7o/!«  Clarke,  Caterpillar,  Inc. 
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Major  PNGV  Barriers  and  Achievements— /o/in  Crawford,  Sandia  National 
Laboratory,  and  Chris  Sloane.  USCAR 

Foreign  Automotive  Technology  Development:  Electric  and  Hybrid  Vehicles— ^e/f/i 
Hardy,  TASC  Automotive 

Moving  the  Nation  with  Advanced  Transportation— Torn  Gross,  U.S.  Department  of 
Energy 

Office  of  Technology  Study  on  Advanced  Vehicle  Technologies  ("Advanced 
Automotive  Technology:  Visions  of  a  Super-Efficient  Family  Car")— Greg 
Eyring,  Office  of  Technology  Assessment 

Hydrogen-Powered  Vehicle  Development  at  BMW— Joachim  Tachtter,  BMW, 
Germany 

Light  Duty  Engine  Technologies— Sa/p/i  McGill,  Oak  Ridge  National  Laboratory 

Continuously  Variable  Transmission  (CVT)  Systems— M  Liebrand,  Van  Doome's 
Transmissie  b.v..  The  Netherlands 

Better  Automatic  Transmissions  for  Vehicles— 7amej  Dancey,  Automotive  Branch, 
Industry  Canada 

In  addition,  a  subgroup  of  the  committee  and  selected  members  of  the  PNGV 
participated  in  a  discussion  session  on  October  31,  1995,  on  PNGV  powertrain 
development  and  systems  analysis  activities. 


3.   Selected  Members  of  the  Committee  and  NRC  Staff  Made  the  Following  Site  Visits  or 
Attended  the  Following  Symposia: 

Visit  to  Chrysler  Liberty  Program  Center  and  Vehicle  Engineering  Center,  Madison 
Heights,  Michigan,  August  31,  1995 

PNGV  Symposium,  "Energy  Storage  for  the  Next  Generation  Vehicle,"  September 
12-13,  1995,  Washington,  D.C. 

Visit  to  General  Motors  Technical  Center,  Warren,  Michigan,  October  9,  1995 

Visit  to  Ford  Advanced  Technology  Exhibition,  Dearborn,  Michigan,  October  10, 
1995 
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Automotive  Technology  Development  Contractors'  Coordination  Meeting,  Dearborn, 
Michigan,  October  23-27,  1995 


In  the  course  of  its  deliberations  and  data-gathering  activities,  the  committee  split  into  several 
subgroups.  The  subgroup  chairs  were  Craig  Marks  (powertrains),  David  Hagen  (materials), 
and  Jerome  Rivard  (systems  analysis). 
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National  Research  Council 

Commission  on  Engineenng  and  Technical  Systems 

Board  on  Energy  and  Environmental  Systems 

2101  Constitution  Avenue 

Washington,  DC  20418 

Dear  Sirs: 

The  Government/ Industry  Operational  Steering  Group  (OSG)  of  the  Partnership  for  a 
New  Generation  of  Vehicles  (PNGV)  wishes  to  thank  you  for  the  program  review  that 
you  performed  last  vear.  We  especially  wish  to  commend  the  National  Research 
Council  for  complehng  this  review  so  expeditiously  and  for  adopting  procedures  to 
protect  anv  proprietary  information  that  may  have  been  needed  to  provide  a  more 
complete  understanding  of  the  program.  PNGV  is  an  innovative  program  in  many 
respects  and  we  are  pleased  that  the  NRC  has  entered  into  the  spirit  of  this  national 
venture  to  develop  more  efficient  means  of  public/ private  sector  cooperation. 

The  NRC  report  contained  a  number  of  findings  and  recommendations.  We  have 
studied  these  carefully  and  believe  all  were  helpful  perspectives,  even  when  we 
disagree  somewhat  on  the  details.  We  would  like  to  respond  briefly  here  to  some  of 
the  major  recommendations  and  offer  more  detailed  dialog  during  the  next  peer 
review. 

The  NRC  noted  that  the  PNGV  program  needs  to  have  broad  national  support  over  a 
sustained  penod  ot  time  to  be  able  to  accomplish  its  objectives.  We  agree  completely 
with  this  observation.  We  have  strengthened  our  public  outreach  program  and  believe 
that  we  have  made  substantial  progress  in  making  more  people  aware  of  PNGV.  Our 
contacts  have  provided  encouraging  signs  that  support  for  the  program  is  broad.  In 
addition,  recognizing  that  the  new  Congress  has  many  questions  about  PNGV,  we  have 
established  a  joint  congressional  liaison  group  to  help  provide  to  Congress  the 
information  they  will  need  to  support  PNGV. 

We  agree  with  the  NRC  observation  that  management  of  a  program  with  such  broad 
and  diverse  participation  will  be  a  major  challenge.  We  have  evolved  a  tiered  structure 
of  an  Operational  Steermg  Group  and  Techmcal  Teams  led  by  competent  executives  on 
both  the  government  and  industry  sides.  We  believe  that  this  structure  is  necessary  for 
the  effective  integration  of  program  elements,  between  agencies,  within  agency 
operating  plans  and  between  government  and  industry.  While  we  recognize  that  we 
must  be  open  to  innovative  suggestions  as  to  how  to  manage  the  program  more 
effectively,  we  do  not  feel  that  the  suggestion  for  a  smgle,  central  program  manager  for 
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the  government  is  workable.  However,  we  have  significantly  augmented  the  resources 
of  the  government's  PNGV  secretariat  in  order  to  have  more  effective  and  responsive 
program  coordination. 

The  NRC  also  recommended  that  the  industry  PNGV  effort  be  led  by  a  single  technical 
director  in  charge  of  an  integrated  platform  development  team  .at  USCAR.  We  agree 
that  establishing  a  vehicle  perspective  is  important  and  while  we  do  not  have  a 
complete  answer  as  yet  the  industry  does  plan  to  add  experienced  vehicle  engineers  to 
each  company's  PNGV  team  in  the  near  future  to  guide  the  technology  development 
program  as  it  evolves.  Also,  our  view  at  this  time  is  that  each  company  will  pursue 
separate  concept  vehicles  and  production  prototypes. 

The  NRC  recommended  that  we  develop  a  single,  central  line  item  in  the  federal 
budget  for  PNGV.  Our  approach  has  been  to  align  the  technical  activities  necessary  to 
complete  the  PNG\'  program  with  traditional  agency  interests,  capabilities  and 
operating  plans.  While  admittedly  more  difficult  to  manage,  we  believe  that  this 
approach  will  be  less  disruptive  to  the  budget  preparation  and  review  process  and  will 
have  better  support  within  agencies  and  in  Congress. 

We  believe  that  the  PNGV  technology  strategy  is  better  defined  than  we  were  able  to 
effectively  communicate  to  the  review  panel  in  the  limited  time  allowed  at  the  time  of 
the  first  review.  Our  technical  plans  have  continued  to  develop:  roadmaps  have  been 
completed  and  documented  for  all  breakthrough  vehicle  technologies  and  our 
manufacturing  and  conventional  vehicle  programs  have  both  continued  to  advance  in 
planiung  and  execution.  Existing  consortia  are  being  utilized  where  appropnate,  and 
new  joint  technical  teams  have  been  formed,  to  develop  the  more  detailed  programs 
plans  needed  to  meet  the  technical  roadmaps.  These  plans  will  be  reviewed  in  as  much 
detail  as  possible  when  the  peer  review  panel  next  meets  with  the  PNGV  team. 

The  PNGV  OSG  and  technical  teams  are  considering  the  suggestion  of  the  peer  review 
panel  that  we  divide  the  technologies  being  studied  into  two  paths,  near-term  and  far- 
term.  We  have  not  yet  resolved  how  to  respond  to  this  suggestion,  but  will  plan  to 
discuss  this  further  internally  and  with  the  peer  review  panel. 

Over  100  organizations  are  already  participating  in  the  development  of  technologies 
relevant  to  PNGV.  Even  so,  several  actions  have  already  been  taken  to  increase  the 
involvement  of  suppliers,  small  entrepreneurs  and  the  academic  community  in  the 
PNGV  program.  For  example,  we  are  publishing  a  document  which  describes 
"Innovations  Needed "  and  vanous  funding  mechanisms  available  to  those  who  wish  to 
participate  in  PNGV.  We  will  provide  a  briefing  on  this  aspect  of  the  PNGV  program 
to  the  peer  review  panel. 
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The  NRC  peer  review  suggested  that  PNGV  track  and  incorporate  leading-edge 
automotive  technologies  from  throughout  the  world.  Each  of  the  members  of  USCAR 
and  several  government  agencies  routinely  evaluate  world-wide  automotive 
technology  developments. 

The  OSG  and  technical  teams  concur  witti  the  peer  review  about  the  significance  of 
infrastructure  issues  on  PNGV  and  vice  versa.  However,  by  definition,  PNGV  is 
focused  on  the  vehicle,  except  where  infrastructure  considerations  affect  cost  We 
recognize  that  the  infrastructure  issues  must  involve  a  broad  national  dialog  to  develop 
appropriate  policies  and  technologies  in  parallel  with  PNGV  and  we  expect  to  be  a 
participant  in  those  discussions. 

The  PNGV  team  gratefully  acknowledges  the  willingness  of  the  peer  panel  members  to 
voluntarily  contribute  their  time  and  experience  to  the  review  of  the  PGNV  program. 
We  expect  to  derive  more  value  from  these  reviews  and  the  attendant  dialog  in  the 
future  as  we  work  more  closely  together.  We  look  forward  to  the  opportunity  to  build 
upon  last  year's  hurried  introduction  and  to  provide  more  in-depth  briefings  on  the 
technical  program's  plans  and  progress. 


For  the  PNGV  Operational  Steering  Group, 


Tn^ 


anrv 


Man,'  L.,Good 

Under  Secretary  for  Technology 

US  Department  of  Commerce 


/////^  / 


John  P.  McTague 
Ace  President  Techmcal  Affairs 
Ford  Motor  Company 


Arv  Mueller 

Vice  President  and  Group  Executive 

NAO  Vehicle  Development  and 

Technical  Operations 

General  Motors 


Fran(;ois  J.  'V_aBtamg 

Vice  President  Vehicle  Engmeermg 

Chrysler  Corporation 
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Committee's  Analysis  of  the  Letter  to  the  National  Research  Council 

from  the  PNGV  Operational  Steering  Group  (3/3/95) 

Addressing  the  Recommendations  in  the  Phase  1  Report 


(1.)  Recommendation:  Program  Mamgemm 

".  ..there  is  a  critical  need  for  an  initial,  integrated  plan  at  the  earliest  possible  time.  This  unified 
plan  should  include,  but  not  be  limited  to,  such  key  elements  as  objectives,  task  descriptions, 
management  responsibilities,  milestones,  resources,  schedule  and  critical  features  or  metrics  that 
bear  on  the  success  of  achieving  the  stated  goals  of  the  PNGV  program.  The  committee 
recommends  the  creation  of  these  detailed  plans  to  be  submitted  with  the  PNGV  federal  budget 
for  fiscal  year  1996.  " 

Response:  No  response  to  specific  needs  were  identified.  Clarification  left  for  future  contact. 
"We  believe  that  the  PNGV  technology  strategy  is  better  defined  than  we  were  able  to  effectively 
communicate  to  the  review  panel.... roadmaps  have  been  completed  and  documented  for  all 
breakthrough  vehicle  technologies  and  owt  manufacturing  and  conventional  vehicle  programs 
have  both  continued  to  advance  in  planning  and  execution. " 

"All  three  phases  of  the  PNGV  program  have  inadequately  defined  and  staffed  program 
management  structures  in  both  government  and  industry  organizations. . . . The  government. ..needs 
to  have  a  strong  and  effective  central  program  management  office. . .  " 

Response:  The  current  strucmres,  as  augmented,  are  adequate. 

"We  have  evolved  a  tiered  strucmre  of  an  Operational  Steering  Group  and  Technical  Teams  led 
by  competent  executives  on  both  the  government  and  industry  sides.... We  do  not  feel  that  the 
suggestion  for  a  single  program  manager  for  the  government  is  workable.  However,  we  have 
significantly  augmented  the  resources  of  the  government's  PNGV  secretariat  in  order  to  have 
more  effective  and  responsive  program  coordination. " 


(2.)  Recommendation:  Government  Funding  and  Support 

"The  Department  of  Defense  and  the  National  Aeronautics  and  Space  Administration  have  not 
provided  the  PNGV  program  with  a  level  of  support  consistent  with  their  technology  base. " 

Response:  No  specific  comment. 


Recommendations  are  as  called  out  in  the  Phase  1  repon  "Review  of  the  Research  Program  of  the  PNGV," 
October,  1994.  Responses  reflect  the  comminee's  initial  analysis  and  reactions  to  the  PNGV  statements  regarding  the 
committee's  recommendations. 
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". ..the  committee  noted  that  government  and  industry  technology  projects  that  are  related  to 
vehicles  integration  and  to  vehicle  manufacturing  with  unconventional  materials  are  minimal 
through  1997.... The  committee  recommends  additional  emphasis  in  the  fiscal  year  1996  budget 
on  such  manufacturing  and  vehicle  related  technologies.  " 

Response:  No  specific  comment. 

"The  committee  recommends  the  establishment  of  clearly  defined  mechanisms  in  fiscal  year  1996 
for  allocating  and  managing  program  resources,  for  selecting  and  integrating  technologies  and 
for  assessing  total  costs  and  benefits. " 

Response:  No  specific  comment. 

"The  committee  believes  thai  it  is  essential  that,  starting  with  fiscal  year  1996,  the  government 
funding  of  all  major  and  critical  elements  of  the  PNGV  program  be  a  line-item  budget  for  which 
oversight  responsibility  is  vested  in  the  government's  PNGV  program  manager.  The  central 
control  of  the  PNGV  single  budget  should  cut  across  the  government  organizcuions  involved  in 
the  program. " 

Response:  Not  able  to  get  support  for  a  single  budget. 

"Our  approach  has  been  to  align  the  technical  activities  necessary  to  complete  the  PNGV 
program  with  traditional  agency  interests  capabilities  and  operating  plans.... We  believe  that  this 
approach  will  be  less  disruptive  to  the  budget  preparation  and  review  process  and  will  have  better 
support  within  agencies  and  in  Congress." 


(3.t  Recommendation:  National  Commitment 

"The  committee  recommends  that  the  PNGV's  public  affair  groups  be  adequately  supported  to 
perform  this  important  function.  This  office  should  commit  resources  to  involving  the  public  in 
the  program,  cultivating  broad-based  support  within  the  policymaking  community  and  taking 
every  opportunity  to  showcase  PNGV  achievements  for  the  media. " 

Response:  This  is  already  being  done. 

"We  have  strengthened  our  public  outreach  program  and  believe  that  we  have  made  substantial 
progress  in  making  more  people  aware  of  PNGV....  We  have  established  a  joint  congressional 
liaison  group  to  help  provide  to  Congress  the  information  they  will  need  to  support  PNGV." 


(4.)  Recommendation:  Integrated  Platform  Development  Team 

"The  committee  recognizes  that  each  of  the  three  automotive  companies  may  independently  want 
to  pursue  applications  of  the  technologies  developed  as  a  part  of  Goal  3.  ...Its  view  is  simply  that 
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the  overall  objectives  of  Goal  3  must  be  managed  by  a  single  platform  team. . . .  The  co-located 
USCAR  team  would  have  the  full  authority  and  responsibility  to  set  the  direction  for  meeting  the 
objectives  of  Goal  3. " 

"The  committee  strongly  recommends  an  early  review  and  reevaluation  by  USCAR  of  this 
proposed  need. " 

Response:  Under  consideration  but  with  separate  vehicles  for  each  company. 
"We  agree  that  establishing  a  vehicle  perspective  is  important  and  while  we  do  not  have  a 
complete  answer  yet,  the  industry  does  plan  to  add  experienced  vehicle  engineers  to  each 
company's  PNGV  team  in  the  near  future  to  guide  the  technology  development  program  as  it 
evolves.  Also  our  view  at  this  time  is  that  each  company  will  pursue  separate  concept  vehicles 
and  production  prototypes. " 


(5.)  Recommendation:  Technology  Strategy 

'Since  no  metrics  are  contained  in  either  Goal  1  or  Goal  2,  it  is  currently  not  possible  to 
measure  progress  toward  achieving  these  goals.  ...To  effectively  manage  the  current  PNGV 
program,  appropriate  metrics  are  required.  " 

Response:  No  mention  of  metrics. 

"Our  manufacturing  and  conventional  vehicle  programs  have  both  continued  to  advance  in 

planning  and  execution. " 

"It  will  be  important  for  the  managers  of  this  program  to  develop  a  more  formal  mechanism  to 
justify  the  technology  selection  choices  being  made.  Establishing  such  a  mechanism  should  be 
seriously  considered  before  funds  are  requested  for  the  fiscal  year  1996  budget.  " 

Response:  No  specific  mechanisms  mentioned/ 

"We  believe  that  the  PNGV  technology  strategy  is  better  defined  than  we  were  able  to  effectively 
communicate  to  the  review  panel.... roadmaps  have  been  completed  and  documented  for  all 
breakthrough  technologies. . . " 

"...the  manufacturing  development  activities  conducted  for  Goal  1  may  very  well  pace  the 
progress  of  the  PNGV.  The  three  areas  of  focus  for  this  goal  need  to  be  expanded  and  much 
more  detail  developed  in  terms  of  potential  contributing  manufacturing  technologies.  This  activity 
deserves  a  very  high  priority  at  this  time.  " 

Response:  No  acknowledgment  of  the  issue. 

"The  committee  recommends  that  an  analysis  be  made  now  to  divide  all  technologies  related  to 
Goal  3  into  two  categories:  current  PNGV  and  post-PNGV  technologies.  " 
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"The  committee  recommends  that  technologies  that  do  not  meet  PNGV  program  objectives  by 
1997  but  that  have  high  long-term  potential  be  funded  and  continued  in  development  for  post- 
PNGV  applications. " 

Response:  Under  consideration. 

"The  PNGV  OSG  and  technical  teams  are  considering  the  suggestion  of  the  peer  review  panel 

that  we  divide  the  technologies  being  studied  into  two  paths,  near-term  and  far-term." 

(6.1  Recommendation:  Supplier  and  University  Involvement 

"The  committee  was  informed  that  several  workshops  are  being  planned  in  the  upcoming  months 
to  explore  with  university  and  industry  representatives  the  scientific,  engineering,  and 
technological  issues  posed  by  the  PNGV  program. . . .  The  committee  recommends  that  the  PNGV 
workshop  structure  be  quickly  expanded  to  more  effectively  involve  these  constituents  and  to 
provide  them  with  a  link  to  the  PNGV  program.  " 

Response:  No  specific  comment. 

"In  the  past  many  barriers  have  prevented  effective  use  of  the  technology  existing  in  the 
automotive  supply  base. . . .  The  PNGV  may  have  to  develop  some  innovative  working  relationships 
in  order  to  tap  this  technology  source  effectively. " 

Response:  Many  are  already  involved. 

"Over  100  organizations  are  already  participating  in  the  development  of  technologies  relevant  to 

PNGV." 

"A  management  approach  that  should  be  considered  is  the  formation  of  specialized  consortia 
made  up  of  the  automotive  industry,  its  suppliers,  and  the  government  to  develop  the  most  critical 
and  promising  technologies  needed  for  success  on  Goal  3.  " 

Response:  Publishing  list  of  needs. 

"We  are  publishing  a  document  which  describes  'Innovations  Needed'  and  various  funding 

mechanisms  available  to  those  who  wish  to  participate  in  PNGV." 


(7.)  Recommendation:  Foreign  Technology 

"It  would  be  appropriate  for  the  PNGV  program  to  more  fully  evaluate  applicable  non-U.  S. 
technology  developments  and  to  integrate  selected  developments  into  the  program. " 
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Response:  Already  doing  it. 

"Each  of  the  members  of  USCAR  and  several  government  agencies  routinely  evaluate  world- 
wide automotive  technology  developments." 

(8.)  Recommendation:  Infrastructure  and  Capital  Needs 

"The  long-term  impact  and  enormity  of  potential  discontinuities  in  the  road-vehicle-fuel 
infrastructure,  vehicle  service,  and  vehicle  manufacturing  sectors  are  such  that  these 
considerations  must  be  addressed  as  integral  parts  of  the  PNGV  program  systems  analysis  at  the 
earliest  possible  time. " 

Response:  Only  partially  within  the  scope  of  the  program. 

Regarded  as  "...integral  parts  of  the  PNGV  program  systems  analysis..."  However,  "...PNGV 

is  focused  on  the  vehicle,  except  where  infrastructure  considerations  affect  cost.... Infrastructure 

issues  must  involve  a  broad  national  dialog  ...and  we  expect  to  be  a  participant  in  those 

discussions." 


(9.)  Recommendation:  Peer  Reviews  of  the  PNGV 

"The. . .  committee. . .  is  available  to  meet  with  the  PNGV  to  discuss  the  recommendations  provided 
herein.  The  committee  proposes  conducting  further  reviews  in  early  1995.... more-detailed  review 
of  the  program 's  technological  decisions,  research  results,  and  organizational  structures  should 
be  actively  pursued.  The  committee  proposes  conducting  such  expanded  reviews  in  early  1995. " 

Response:  Need  acknowledged. 

"We  would  like  to  respond  briefly  here  to  some  of  the  major  recommendations  and  offer  more 

detailed  dialog  during  the  next  peer  review." 


(10.)  Recommendation:  Timely  Correction  of  Program  Deficiencies 

"In  the  interest  of  maintaining  the  viability  of  the  PNGV  program,  the  committee  strongly 
recommends  that  the  government  and  industry  partners  address  program  deficiencies  at  the 
earliest  possible  time. " 

Response:  As  indicated  above.  (Peer  review  report  issued  October  1994.  Letter  dated  March  3, 
1995.) 


35-249    96-11 
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United  States  Council  on  Automotive  Research  Consortia 


The  U.S.  automobile  industry,  through  USCAR,  has  implemented  collaborative  projects 
that  directly  or  indirectly  support  Partnership  for  a  New  Generation  of  Vehicles  objectives. 
These  USCAR  consortia  are: 

Low  Emissions  Technologies  R&D  Partnership  (LEP) 

Automotive  Materials  Parmership  (USAMP) 

Supercomputer  Automotive  Applications  Partnership  (SCAAP) 

cad/cam'  Partnership 

Natural  Gas  Vehicle  Technology  Parmership  (NGV) 

Advanced  Battery  Consortium  (USABC) 

Vehicle  Recycling  Partnership  (VRP) 

Auto/Oil  Quality  Improvement  Research  Program 

Environmental  Research  Consortiimi  (ERC) 

Low  Emission  Paint  Consortium  (LEPC) 

Electrical  Wiring  Component  Applications  Partnership  (EWCAP) 


CAD  =  computer-aided  design 
CAM  =  computer-aided  manufacture 
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Itfatiwiwl  pi— f^tgh  f  rmwrtl 

2101  /^~«t<ttif<«m  Avoma 
Washington.  DC  20418 

Subject:        Elecmc  Vehicle  Posidon 

Reference:    Your  November  21,  1995,^Iemo  (Attached) 

You  leqoested  FNGV  to  prtxvide  a  posinon  on  straight  electhc  vehicles  (vs  hybrid  rlfrtrin).  As 
you  know,  USCAR  sponsors  active  deveiopmeac  of  electric  vehicle  energy  storage  devices,  and 
each  OEM  has  aggressive  electric  vehicle  development  ptogiams.  There  are  many  <  iiiiiiiBiii 
needs  between  straight  electric  vehicles  and  hybrid  electric  vehicles.  Both  require  mrKinmni 
weight  redaction,  high  efficiency  electric  motors,  inverters,  low  energy  accessories,  low  rolling 
resistance  tires,  ec 

Primarily  as  a  tcsult  of  limitatinns  in  existing  and  projected  energy  storage  devices,  straight 
elecmcs  in  the  PNGV  rim^.ft-aTnw  are  unlikely  to  m— '  PNGVs  objectives  of  afforrlahiliry  and 
functional  eqoivalence.  Funciionai  limitatioiu  include  range,  speed  of  "le-fueiing',  and  package 
space  anri  ihcTc  are  infrastructure  concerns.  Affordability  issues  include  the  tp'""!  cost  and 
rcpiarrment  cost  of  high-energy  storage  devices..  The  cost  of  elecmc  drivetrains  and  asioriafrft 
poA-er  electrtinics  must  also  come  down,  as  they  must  for  hybrid  electrics. 

Electric  vehicles  have  a  relatively  low  probability  of  meeciiig  the  PNOV  "Goal  3"  requiresnents 
within  the  next  '^—~"i^   In  the  long-term  we  anticipaiB  that  p^TtiH-  significant  improrenieois  in 
the  cost  and  e£BciBncy  of  stotBgc  devices,  electric  drives  and  high  power  electronics  could  be 
achieved.  Tims,  the  possibility  of  significant  "bteakdinnigh*  iiniHuvinpnK  which  would  malce 
straight  electric  vehicles  viable,  cannot  be  totally  niled  out. 


cc:      Rob  Qiapman       Peter  Roscnfeld 
denny  Fteitag        Ron  York 
BobMnU 
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This  document  is  a  revision  of  the  program  plan  originally  released  by  Vice  President  Gore 
at  the  Automotive  Technology  symposium  on  July  27,  1994. 


Document  revised  on  November  29,  1995 


For  more  information  about  the  Partnership  for  a  New  Generation  of  Vehicles  Program 
contact: 


PNGV  Secretariat 

U.S.  Department  of  Commerce 

Herbert  Clark  Hoover  Building,  Room  4845 

14th  Street  and  Constitution  Ave.,  NW 
Washmgton,  DC.  20230 
Telephone;  202-482-6260 
Fax:  202-482-6275 


USCAR 

330  Town  Center  Drive 

Suite  100 

Dearborn,  Michigan  48126 

Telephone;  313-248-4300 

Fax;  313-248-4303 
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f t^'  THE    VICE    PRESIDENT 


•  vX?/* 


WASHINGTON 


August  16,  1995 
Dear  Friends: 

I  am  proud  co  be  a  part  of  the  Partnership  for  a  New 
Generation  of  Vehicles- -one  of  the  most  ambitious  and  technically 
challenging  research  projects  underway  today.   I  am  certain  that 
its  success  will  provide  Americans  with  enormous  economic  and 
environmental  benefits. 

The  automotive  industry  is  America's  largest  manufacturing 
employer,  accounting  for  one  out  of  seven  American  jobs.   The 
vitality  of  this  industry  is  obviously  a  crucial  part  of  our 
international  competitiveness  and  economic  growth.   In  addition, 
an  ever- increasing  percentage  of  our  oil  is  imported,  accounting 
for  about  half  of  our  trade  deficit.   Finally,  concentrations  of 
carbon  dioxide,  a  primary  greenhouse  gas,  are  25  percent  higher 
than  pre- industrial  levels,  and  they  are  expected  to  double 
within  the  next  century. 

As  you  know,  automobiles  are  a  major  contributor  to 
atmospheric  carbon  dioxide.   By  achieving  dramatically  increased 
fuel  efficiency  without  sacrificing  other  important  vehicle 
attributes,  the  Partnership  will  have  made  an  enormous 
contribution  in  each  of  these  areas. 

This  project  will  not  be  easy,  and  its  success  will  depend 
on  the  hard  work  and  ingenuity  of  dedicated  people  from 
government,  industry,  small  business,  and  universities.   I  urge 
you  to  become  involved  to  the  fullest  extent  of  your  talent  and 
energy.   The  Program  Plan  is  intended  to  set  out  the  basic 
technical  outline  for  achieving  the  project's  goals  and  can  serve 
as  a  preliminary  guide  to  the  kinds  of  issues  that  need  to  be 
addressed.   The  project  is  open  to  all  who  have  relevant  ideas. 

All  of  those  who  are  participating  in  this  project  are 
performing  a  valuable  service  to  your  country,  and  you  can  be 
assured  that  the  President  and  I  appreciate  your  commitment  to 
this  effort. 


Sincerely, 


Al  Gore 


AG/111 
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Executive  Summary 


Background 


On  September  29,  1993,  President  Clinton  and  the  Chief  Executive  Officers  of  the  major  domestic 
automakers  (Chrysler,  Ford,  and  General  Motors)  announced  the  formation  of  the  Partnership  for 
a  New  Generation  of  Vehicles  (PNGV).  The  long-term  goal  of  PNGV  is  to  develop  vehicles  that 
will  deliver  up  to  three  times  today's  fuel  efficiency  (80  miles  per  gallon  or  BTU  equivalent')  and 
cost  no  more  to  own  and  operate  than  today's  comparable  vehicles.  At  the  same  time,  this  new 
generation  of  vehicles  should  maintain  the  size,  utility  and  performance  standards  of  today's 
vehicles  (i.e.,  the  1994  Chrysler  Concorde,  Ford  Taurus,  and  Chevrolet  Lumina)  and  meet  all 
mandated  safety  and  emission     quirements. 


Potential  Bep' 

The  PNGV  v\..i  lead  to  significant  ei>  .  environmental,  and  economic  benefits  to  the  nation.  In 
1993,  the  nation  imported  nearly  50  percent  of  its  oil  at  a  cost  of  greater  than  $40  billion.  With  a 
growing  population  and  continued  increases  in  travel,  a  significant  improvement  in  vehicle  fuel 
efficiency  would  be  a  major  step  toA'ard  lessening  our  reliance  on  foreign  oil  supplies  and  reducing 
associated  balance-of-trade  deficits. 

The  U.S.  automobile  manufacturing  industry  is  an  integral  part  of  the  nation's  economy,  accounting  for 
one  out  of  seven  U.S.  jobs  and  4.5  percent  of  the  gross  national  product.  The  development  of  a  new 
generation  of  vehicles  will  improve  U.S.  competitiveness  by  establishing  the  capability  for  technical 
leadership  in  the  production  of  competitively  priced,  high  fuel  efficiency,  and  low-emission 
automobiles.  Improvements  in  advanced  manufacturing  techniques  that  shorten  product  development 
times  and  lower  costs,  as  well  as  improve  product  quality  and  durability,  are  essential  to  transfer  new 
technologies  to  the  marketplace  affordably. 

The  PNGV  represents  a  departure  from  the  historical,  primarily  regulatory  relationship  between 
government  and  the  U.S.  automobile  industry.  The  current  U.S.  price  of  oil  does  not  encourage 
consumer  demand  for  high  efficiency  automobiles.  Government  support  of  long-term  research  and 
development  (R&D)  for  the  development  of  fuel  efficiency  technologies  is  necessary  to  spur  activity 
and  accelerate  progress  in  the  absence  of  market  pull.  The  continued  leadership  of  the  U.S.  automobile 
industry  is  essential  to  target  the  results  of  joint  research  and  development  to  commercial  vehicle 
requirements. 


'  If  an  alternative  source  of  energy  is  used,  the  goal  will  be  up  to  80  miles  per  British  Thermal  Unit  (BTU) 
equivalent  of  a  gallon  of  gasoline  (1 14.132  BTUs). 
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Objectives  and  Goals 

PNGV  is  structured  to  achieve  three  mutually  supportive,  interactive  goals: 

1)  Signiflcantly  improve  national  competitiveness  in  manufacturing. 

Improve  the  productivity  of  the  U.S.  manufacturing  base  by  significantly  upgrading 
U.S.  manufacturing  technology,  including  the  adoption  of  agile  and  flexible 
manufacturing  and  the  reduction  of  cost  and  lead  times,  while  reducing  the 
environmental  impact  and/or  improving  product  quality. 

2)  Implement   commercially    viable    innovations    from    ongoing    research    in 
conventional  vehicles. 

Pursue  technology  advances  that  can  lead  to  improvements  in  the  fuel  efficiency 
and  reductions  in  the  emissions  of  standard  vehicle  designs,  while  pursuing 
advances  to  maintain  safety  performance.  Research  will  focus  on  technologies  that 
reduce  the  demand  for  energy  from  the  engine  and  drivetrain.  Throughout  the 
research  program,  the  industry  has  pledged  to  apply  those  commercially  viable 
technologies  resulting  from  this  research  that  would  be  expected  to  significantly 
increase  vehicle  fuel  efficiency  and  improve  emissions. 

3)  Develop  vehicles  that  can  achieve  up  to  three  times  the  fuel  efficiency  of 
comparable  1994  family  sedans. 

Increase  vehicle  fuel  efficiency  to  up  to  three  times  that  of  the  average  1994 
Concorde/Taurus/Lumina  automobiles  with  equivalent  cost  of  ownership  adjusted 
for  economics. 


Vehicle  Parameters 

As  described  in  the  Partnership's  Declaration  of  Intent,  PNGV  will  pursue  the  development  of  a 
revolutionary  class  of  fuel-efficient,  environmentally  friendly,  commercially  viable  vehicles  that 
meet  or  exceed  safety  and  emission  requirements.  Specific  vehicle  parameters  are  listed  in  Table 
ES-1. 

The  Partnership's  target  is  to  develop  a  concept  vehicle  by  2000  and  a  production  prototype  by 
2004.  This  ten-year  time  frame  for  the  PNGV  represents  an  extremely  rapid  development  effort 
to  produce  a  revolutionary  change  in  automotive  transportation. 
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Table  ES-1.  Parameters  for  the  New  Generation  of  Vehicles  with  up  to 

Triple  Fuel  Efficiency 


Vehicle  Attributes 

Parameters 

Acceleration 

0  to  60  miles  per  hour  in  12  seconds 

Number  of  Passengers 

up  to  6 

Operating  Life 

100,000  miles  (minimum) 

Range 

380  miles  on  1994  Federal  Drive  Cycle 

Emissions 

Meet  or  exceed  EPA  Tier  II 

Luggage  Capacity 

16.8  cubic  feet,  200  pounds 

Recyclability 

80  percent 

Safety 

Meet  safety  requirements* 

Utility,  Comfort,  Ride  &  Handling 

Equivalent  to  current  vehicles 

Purchase  &  Operating  Cost 

Equivalent  when  adjusted  for  economics 

•Federal  Motor  Vehicle  Safety  Standards  (FMVSS) 


Key  Research  Areas 

In  1 994,  the  auto  industry  identified  the  areas  in  which  significant  innovations  are  needed  to  meet 
PNGV  goals: 

•  Reduced  vehicle  weight, 

•  More  efficient  powertrains, 

•  Reduced  parasitic  losses. 

A  critical  element  in  meeting  the  technical  challenges  in  these  areas  will  be  the  development  of 
manufacturing  processes  that  are  capable  of  quickly  delivering  high  quality  and  volume  at  low 
cost. 


Participants  in  the  Technical  Program 

The  Partnership  for  a  New  Generation  of  Vehicles  was  formed  by  the  Federal  Government  and 
the  United  States  Council  for  Automotive  Research  (USCAR);  the  latter  represents  the  American 
auto  companies  (Chrysler,  Ford,  and  General  Motors).  Government  members  of  the  partnership 
include  the  Department  of  Commerce  (DOC),  which  has  been  designated  as  the  lead  agency. 
Department  of  Defense  (DOD),  Department  of  Energy  (DOE),  Department  of  Interior  (DOI), 
and  Department  of  Transportation  (DOT),  as  well  as  the  Environmental  Protection  Agency 
(EPA),  National  Aeronautics  and  Space  Administration  (NASA),  and  National  Science 
Foundation  (NSF).  Other  participants  in  the  PNGV  R&D  activities  include  industrial  suppliers, 
universities,  commercial  R&D  institutions,  and  entrepreneurs.  Figure  ES-1  summarizes  the 
relationship  among  the  various  partners  in  PNGV. 
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Figure  ES-1.  The  Partners  in  PNGV 


Technology  Management  Process 

The  industry  and  government  teams  will  jointly  conduct  strategic  planning,  determine  technical 
requirements,  identify  needed  resources,  establish  milestones,  and  monitor  progress  toward 
achieving  the  three  stated  goals.  Both  government  and  industry  are  represented  in  the  two  main 
structural  bodies  of  PNGV:  the  PNGV  Operational  Steering  Group,  which  provides  policy 
planning  and  direction,  and  the  PNGV  Technical  Task  Force,  which  directs  the  technical  work. 
Chairmanship  of  the  Steering  Group  rotates  between  government  and  industry.  The  management 
structure  is  illustrated  in  Figure  ES-2. 

The  PNGV  Operational  Steering  Group  is  responsible  for 

•  Strategic  planning, 

•  Program  review  and  prioritization, 

•  Availability  of  program  resources  and  funding, 

•  Coordination  of  legal  and  public  affairs  functions,  and 

•  Direction  to  the  Technical  Task  Force. 
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Government  members  include  senior  officials  from  DOC,  DOD,  DOE,  DOI,  DOT,  EPA,  NASA, 
NSF,  the  Office  of  the  Vice  President  (OVP),  Office  of  Science  and  Technology  Policy  (OSTP), 
Office  of  Management  and  Budget  (0MB),  National  Economic  Council  (NEC),  and  the  Council 
for  Environmental  Quality  (CEQ).  When  government  holds  the  chairmanship,  this  position  is  held 
by  the  Under  Secretary  for  Technology  of  the  Department  of  Commerce.  The  industrial  members 
are  Vice  Presidents  from  Chrysler,  Ford,  and  General  Motors,  who  rotate  as  chairs  from  industry, 
the  USCAR  Executive  Director,  and  the  supporting  PNGV  directors  from  each  company. 


Operational  Steering  Group 

hair  foldtes  belv.«en  Governmenl  and  Industry) 


Government  Members: 

•  Chair    DOC  Under  Secretary  for  Technology 

•  Senior  officials  from  DOC,  DOD,  DOE,  DOI. 
DOT,  EPA,  NASA,  f^SF,  OVP.  OSTR 
OUB.  NEC,  CEQ 

•  Executive  Secretary  (from  PNGVSecretar  !' 


Industry  Memt>ers; 


'  Chrysler,  Ford,  &  GM  Vice-Presidents 
for  RD&T 


>  PNGV  Directors 


Government  Members: 

•  Chair    DOC  Technical  Director 

•  Vice  Chair    DOE  Technical  Director 

•  Technical  Managers  from  8  operating 

agencies  and  OVP  OSTP,  OMB 


Figure  ES-2.  PNGV  Management  Organization 


The  Technical  Task  Force  is  responsible  for 

•  Technical  planning,  development,  and  implementation; 

•  Project  management; 

•  Coordination  of  technical  expertise  among  govemment  and  industry;  and 

•  Communication  of  progress  to  the  Operational  Steering  Group. 

The  Technical  Task  Force  reports  to  the  PNGV  Operational  Steering  Group.  The  govemment 
members  of  the  Technical  Task  Force  include  technology  managers  from  each  of  the  eight 
operating  agencies  and  from  OVP,  OSTP,  and  OMB.  The  Industry  Technical  Task  Force  consists 
of  the  PNGV  directors  from  Chrysler,  Ford,  and  General  Motors. 

The  technical  direction  for  PNGV  is  continuously  evolving  under  the  guidance  of  the  PNGV 
Technical  Task  Force.  To  produce  a  prototype  of  a  high-efficiency  vehicle  by  2004,  several 
promising,  high-risk  research  and  development  programs  are  being  pursued  simultaneously.  This 
multi-pronged  approach  will  enhance  the  probability  of  achieving  the  needed  technology 
breakthroughs.  Technology  development  efforts  will  narrow  at  the  end  of  fiscal  year  1997,  when 
technologies  will  be  selected  for  additional  developmental  work  and  incorporation  into  concept 
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vehicles.  A  further  narrowing  will  occur  around  1999-2000  as  manufacturing  developments  are 
assessed  and  selected  for  use  in  the  design  and  manufacture  of  production  prototype  vehicles. 
Figure  ES-3  illustrates  the  timing  of  critical  junctures  when  progress  in  the  development  of 
different  technologies  will  be  evaluated  against  milestones,  after  which  technologies  will  be 
selected  for  further  intensive  development  and  potential  inclusion  in  the  PNGV  breakthrough 
vehicles. 


The  auto  industry  has  outlined  the  technical  challenges  and  R&D  opportunities  for  the  most 
promising  technologies  in  a  "living  document"  entitled  PNGV  TechmcflHfoadmap. 


Candidates  for  Development: 

Low  emission  technologies 

New  materials 

Advanced  design  simulations 

Ultracapacltors  and  flywheels 

Hybrid  vehicles 

Fuel  cells,  fuel  reformers 

Turbines,  Dl  engines 

Efficient  electronics  and  electrical 
devices 

Advanced  batteries 


2000 


2004 


Concept 
Vehicles 


y^ 


Production 
Prototypes 


Figure  ES-3.    Schedule  For  Technology  Selection 


Leveraging  of  Ongoing  Government  and  Industry  Programs 

This  aggressive  program  schedule  is  made  feasible  through  the  leveraging  of  ongoing  government 
and  industry  R&D  programs.  Prior  to  the  announcement  of  the  PNGV,  the  Federal  Govemment 
and  the  automotive  manufacturers  and  their  suppliers  had  entered  into  cooperative  research 
programs,  and  additional  government-sponsored  research  was  already  being  conducted  in 
government  laboratories  and  universities.  Technology  development  was  particularly  prominent  in 
the  areas  of  innovative  powertrains  (hybrid  vehicles,  gas  turbines,  and  fuel  cells),  lightweight 
materials,  and  energy  storage  devices  (such  as  ultracapacltors,  flywheels,  and  batteries).  Many  of 
these  ongoing  R&D  programs  originally  envisioned  a  slower  pace  of  development  (and 
consequently,  lower  annual  funding)  than  is  needed  to  meet  PNGV  goals,  but  the  "running  start" 
j*0^ided  by  these  pre-PNGV  R&D  programs  will  be  vital  to  achievement  of  the  PNGV  goals 
within  the  allotted  time. 
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In  addition  to  government-assisted  R&D,  the  automotive  manufacturers  maintain  both  proprietary 
and  non-proprietary  programs  in  advanced  technology  research  in  order  to  assure  their 
competitive  positions.  Proprietary  research  contributions  will  increase  as  the  PNGV  program 
moves  through  the  development  of  concept  and  production  prototype  vehicles. 


Public  Participation 

Other  organizations  and  individuals  that  can  make  an  important  and  relevant  contribution  toward 
the  attainment  of  the  established  objectives  may  participate  in  the  programs  and  projects  defined 
by  PNGV.  One  objective  of  the  program  is  to  coordinate  the  resources  and  efforts  of  the 
Government,  domestic  auto  industry,  supplier  community,  universities,  and  individual 
entrepreneurs.  Arrangements  that  bring  users  and  suppliers  of  technology  together  into  stable, 
long-term  relationships  can  help  to  overcome  the  costs  and  risks  associated  with  moving  new 
technologies  into  the  market,  especially  technologies  with  multiple  applications.  The  specific 
contributions  that  PNGV  is  seeking  from  outside  participants  are  described  in  a  document  entitled 
Inventions  Needed  for  PNGV.  Copies  of  this  document  and  additional  information  about  PNGV 
may  be  obtained  by  contacting  the  Government  PNGV  Secretariat  at  the  address  shown  below. 
PNGV  information  may  also  be  obtained  through  the  World  Wide  Web  Homepage  located  at 
http://picard.aero.hq.nasa.gov/index.htmI. 


PNGV  Secretariat 

U.S.  Department  of  Commerce 

Herbert  Clark  Hoover  Building,  Room  4845 

14th  Street  and  Constitution  Avenue,  N.W. 

Washington,  D.C.  20230 

Phone:  202-482-6260 
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1.0  INTRODUCTION  AND  BACKGROUND 


On  September  29,  1993,  President  Clinton  and  Vice  President  Gore  joined  with  the  Chief 
Executive  Officers  of  the  major  domestic  automakers  to  announce  the  formation  of  a  historic  new 
partnership  aimed  at  strengthening  U.S.  competitiveness  by  developing  technologies  for  a  new 
generation  of  vehicles.  The  long-term  goal  of  the  Partnership  for  a  New  Generation  of  Vehicles  is 
to  develop  vehicles  that  will  deliver  up  to  three  times  the  fuel  efficiency  and  cost  no  more  to  own 
and  operate  than  comparable  1994  family  sedans  (i.e.,  the  1994  Chrysler  Concorde,  Ford  Taurus, 
and  Chevrolet  Lumina).  At  the  same  time,  the  new  vehicles  must  provide  the  same  performance, 
interior  space,  and  utility  as  comparable  1994  vehicles  and  meet  all  applicable  safety  and  emissions 
requirements. 

Under  the  auspices  of  the  partnership,  industry  and  government  engineering  teams  have  launched 
groundbreaking  research  and  development  (R&D)  efforts  to  attain  three  specific,  but  interrelated, 
goals: 

Goal  J,  Significantly  improve  national  competitiveness  in  manufacturing  -  Improve  the 
productivity  of  the  U.S.  manufacturing  base  by  significantly  upgrading  U.S.  manufacturing 
technology,  including  the  adoption  of  agile  and  flexible  manufacturing  and  the  reduction  of  cost 
and  lead  times,  while  reducing  the  environmental  impact  and/or  improving  product  quality. 

Goal  2,  Implement  commercially  viable  innovations  from  ongoing  research  in  conventional 
vehicles  -  Pursue  technology  advances  that  can  lead  to  improvements  in  the  fuel  efficiency  and 
reductions  in  the  emissions  of  standard  vehicle  designs,  while  pursuing  advances  to  maintain 
safety  performance.  Research  will  focus  on  technologies  that  reduce  the  demand  for  energy  from 
the  engine  and  drivetrain.  Throughout  the  research  program,  the  industry  has  pledged  to  apply 
those  commercially  viable  technologies  resulting  from  this  research  that  would  be  expected  to 
significantly  increase  vehicle  fuel  efficiency  and  improve  emissions. 

Goal  3,  Develop  vehicles  that  can  achieve  up  to  three  times  the  fuel  efficiency  of  comparable 
1994  family  sedans  -  Increase  vehicle  fuel  efficiency  to  up  to  three  times  that  of  the  average  1994 
Concorde/Taurus/Lumina  automobiles  with  equivalent  cost  of  ownership  adjusted  for  economics. 

There  are  a  number  of  economic,  energy,  and  environmental  considerations  concerning  why  it  is 
in  the  best  interest  of  the  United  States  to  develop  energy-efficient,  low-emission  vehicles  in  an 
accelerated  timeframe. 

•  Currently,  more  than  13  million  people  are  employed  in  motor  vehicle-related  industries 
in  the  United  States;  over  2  million  of  these  individuals  are  employed  directly  by  the  U.S. 
automakers  and  their  suppliers  and  dealers. 

•  The  domestic  industry  accounts  for  4.5  percent  of  the  gross  domestic  product. 
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Ground  transportation  accounts  for  one-fourth  of  the  energy  demand  in  the  United 
States. 

The  introduction  of  this  next  generation  of  vehicles  into  the  on-road  fleet  promises  to 
reduce  gasoline  consumption  and  emissions  of  carbon  dioxide. 

Additional  environmental  gains  can  be  expected  as  improved  manufacturing  processes 
enable  a  higher  percentage  of  recycling,  reduce  scrap  rates,  and  minimize  waste  by 
improved  design. 

The  development  of  the  breakthrough  technologies  required  to  achieve  the  PNGV  goals  cannot 
be  supported  by  either  government  or  industry  alone;  therefore,  public  policy  considerations  led  to 
a  partnership  between  government  and  industry  to  address  this  challenge. 

The  Partnership  for  a  New  Generation  of  Vehicles  (PNGV)  will  address  these  goals  through  a 
shared  commitment  by  the  government  and  the  United  States  Council  for  Automotive  Research 
(USCAR),  which  consists  of  Chrysler,  Ford,  and  General  Motors.  This  collaborative  effort 
coordinates  the  unique  strengths  and  research  and  development  capabilities  of  the  national 
laboratories,  universities,  industry,  and  their  broad  network  of  suppliers.  Participation  in  the 
programs  and  projects  of  PNGV  will  be  open  to  other  organizations  and  individuals  that  can  make 
a  significant  contribution  toward  attainment  of  the  defined  goals  (see  Chapter  10,  Public 
Participation).  Figure  1-1  shows  the  major  PNGV  participants. 


Figure  1-1.  PNGV  Participants 
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2.0  DEVELOPMENT  OF  THE  PARTNERSHIP 


The  organization  and  operation  provide  for  shared  leadership  and  ensures  sohd  technical  guidance 
for  this  important  program.  Organizationally,  this  partnership  is  a  coordinated  effort  between  the 
Federal  Government  and  the  USCAR.  USCAR  was  formed  by  the  major  domestic  automakers  to 
develop  technology  in  selected  pre-competitive  research  areas.  It  is  anticipated  that  this 
partnership  will  set  the  standard  for  future  joint  government/industry  ventures.  The  overall 
organization  and  management  structure  for  this  partnership  is  illustrated  in  Figure  2-1. 


Operational  Steering  Group 

(Chair  rotates  between  Government  and  Industry) 

^ymm 

Government  Members 

*  Chair    DOC  Under  Secretary  for  Technology 

*  Senior  officials  from  DOC,  DOD,  DOE,  DOI, 

DOT.  EPA,  NASA,  NSF,  OVP,  OSTP, 
0N«.  NEC,  CEO 

*  E»ecutive  Secretary  (from  PNGV  Secrelanal) 

Industry  Members                                                       1 

•  Chrysler,  Ford,  &  Gf^t  vice-presidents                                i 

lor  RD&T 

•  PNGV  Directors 

•  USCAR  Executive  Direaof 

1      Technical  Task  Force      ) 

' 

Government  Members 

•  Chair    DOC  Technical  Director 

•  Vice  Chair   DOE  Technical  Director 

•  Technical  f^lanagers  Irom  8  operating 

agencies  and  OVP,  OSTP  0^B 

Industry  Members.                                               ^ 
•     PNGV  Directors                                                   B 

.  .     .    ■   I 

Government  PNGV  Secrelanal 

Room  «  4845,  DOC 
Washington.  DC  20230 
Tel «  202-182.6260 
FAX  •  -202-»82-6275 

USCAR: 

330  Tovm  Center  Drrve.  Suite  100 
Deart»m,  Ml  48126 
Tel«313-248-4296 
FAX».313-24e-t300 

Figure  2-1.  PNGV  Organization  and  Management  Structure 

The  Operational  Steering  Group  is  the  policy  and  decision-making  arm  of  the  partnership.  The 
Under  Secretary  for  Technology  of  the  Department  of  Commerce  serves  as  the  Chair  of  the 
Government  Operational  Steering  Group  which  includes  senior  officials  from  each  of  the 
participating  agencies  and  offices:  the  Department  of  Commerce  (DOC),  the  Department  of 
Defense  (DOD),  the  Department  of  Energy  (DOE),  the  Department  of  Interior  (DOI),  the 
Department  of  Transportation  (DOT),  the  Environmental  Protection  Agency  (EPA),  the  National 
Aeronautics  and  Space  Administration  (NASA),  the  National  Science  Foundation  (NSF),  the 
Office  of  the  Vice  President  (OVP),  the  Office  of  Science  and  Technology  Policy  (OSTP),  the 
Office  of  Management  and  Budget  (OMB),  the  National  Economic  Council  (NEC),  and  the 
Council  for  Environmental  Quality  (CEQ).  The  industry  Operational  Steering  Group  is  comprised 
of  Vice  Presidents  from  Chrysler,  Ford,  and  General  Motors,  who  rotate  the  chair  responsibilities, 
industry  PNGV  directors,  and  the  USCAR  executive  director. 

The  Technical  Task  Force,  which  reports  to  the  Operational  Steering  Group,  also  has 
representatives  from  both  government  and  industry.    The  Government  Technical  Task  Force  is 
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composed  of  technical  managers  from  the  eight  operational  agencies,  as  well  as  from  OVP, 
OSTP,  and  0MB.  The  Industry  Technical  Task  Force  is  made  up  of  the  PNGV  directors  of  the 
major  domestic  automakers. 


Peer  Review 

The  agreement  between  the  government  and  the  U.S.  auto  industry  establishing  PNGV  called  for 
a  Peer  Review  on  technologies  selected  for  research  and  progress  achieved.  The  first  Peer 
Review  by  experts  in  technology  and  R&D  management  was  held  on  August  22  -  25,  1994.  The 
findings  were  published  in  the  Review  of  the  Research  Program  of  the  Partnership  for  a  New 
Generation  of  Vehicles,  by  the  National  Research  Council. 
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3.0  GOAL  1  CONSIDERATIONS 


Goal  1  -  Significantly  improve  national  competitiveness  in  manufacturing. 

Improve  the  productivity  of  the  U.S.  manufacturing  base  by  significantly  upgrading  U.S. 
manufacturing  technology,  including  the  adoption  of  agile  and  flexible  manufacturing  and  the 
reduction  of  cost  and  lead  times,  while  reducing  the  environmental  impact,  and/or  improving 
product  quality. 

Manufacturing  technologies  are  critically  important  to  ensuring  competitiveness  in  today's 
marketplace  and  are  essential  to  producing  the  new  generation  of  vehicles. 

Areas  of  focus  for  the  achievement  of  Goal  1  will  include  the  following: 


•  Improving  the  design  and  development  processes  to  cut  lead  times  and  costs, 

•  Developing    new    manufacturing    and    vehicle    assembly    systems    that    will    increase 
productivity,  and 

•  Assuring  the  ability  to  integrate  and  validate  technologies  as  systems. 

Research  and  development  may  address  the  following  specific  technology  areas:  flexible/agile 
tooling  and  equipment  that  can  reduce  costs  and  the  time  for  product  changes;  more  sophisticated 
computer  simulation  systems  for  testing  complex  research  designs  and  their  effects  on 
characteristics  such  as  rolling  resistance  and  braking;  and  methods  for  designing  and  analyzing 
strength  characteristics  of  composite  structures. 

Development  and  deployment  of  these  new  manufacturing  technologies  will  increase  U.S. 
competitiveness  in  general  and  will  strengthen  the  U.S.  auto  industry  in  particular.  Research  in 
this  area  is  also  required  to  assure  the  manufacturability  of  the  advanced  technology  necessary  to 
address  Goal  3.  Research  into  these  altemative  and  emerging  technologies  will  also  improve  our 
understanding  of  the  role  they  might  play  in  the  future  of  manufacturing  and  U.S. 
competitiveness.  Their  acceptance  and  implementation  will  be  fully  dependent  upon  a  net  positive 
contribution. 

3.1        Description  of  Potential  Research  Areas 

Research  areas  for  the  achievement  of  Goal  1  fall  into  two  categories: 


• 


Generic  manufacturing  enhancements  -  "generic"  design  and  manufacturing  technologies 
that  reduce  the  cost  and  time  to  bring  product  innovations  to  the  market  and  are  applicable 
to  both  current  vehicle  designs  and  the  PNGV  breakthrough  vehicle. 
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•  Enabling  technologies  for  the  breakthrough  vehicle  -  manufacturing  technologies  that 
enable  affordable,  high-quality,  mass  production  of  new  technologies  used  in  the  design  of 
the  breakthrough  vehicle. 

The  following  three  areas  will  be  pursued  to  meet  Goal  1: 

•  Design  for  Manufacturing, 

•  Rapid  Prototyping  and  Intelligent  Processes,  and 

•  Agile/Flexible  Manufacturing. 

Specific  project  areas  have  been  identified  to  advance  precompetitive,  generic  capabilities;  these 
projects  will  be  pursued  in  collaboration  to  leverage  resources  and  speed  progress. 

3.1.1  Design  for  Manufacturing:  Virtual  Manufacturing  and  High-Performance 
Computing 

Developments  in  the  arena  of  design  for  manufacturing  will  focus  on  techniques  that  simplify 
product  fabrication  and  assembly.  These  techniques  could  include  the  application  of  virtual 
manufacturing  and  high-performance  computing  technologies. 

Through  virtual  manufacturing,  a  design  can  be  rapidly  conceived,  recorded,  analyzed,  and 
numerically  checked  before  any  actual  manufacturing  takes  place.  Virtual  manufacturing  can  be 
used  to  best  advantage  when  combined  with  high-performance  computing  to  simulate  the  flow  of 
parts,  tasks,  and  assemblies  through  the  factory.  This  allows  every  step  of  the  manufacturing 
process  to  be  computer  simulated  and  optimized  before  any  investment  is  made  in  prototyping, 
processing  equipment,  the  physical  plant,  or  personnel. 

High-performance  computing  allows  the  rapid  and  seamless  communication  of  information  among 
the  design,  analysis,  and  test  modules.  It  can  be  applied  to  the  analysis  and  understanding  of  the 
factory  process  itself  to  optimize  the  utilization  of  tools  and  control  the  delivery  of  parts  and 
supplies.  Through  increased  computational  capabilities  (such  as  massively  parallel  computing), 
better  computer  networking,  and  lower  computing  costs,  it  is  possible  to  analyze  complex  design 
trade-offs  quickly  and  accurately  while  minimizing  the  time-consuming,  iterative  cycle  of  design, 
analysis,  prototyping,  testing,  and  redesign. 

3.1.2  Rapid  Prototyping  and  Intelligent  Processes 

Direct  transfer  of  computer-aided  design  parameters  to  manufacturing  machinery  results  in  time 
and  cost  savings.  Toward  this  end,  rapid  prototyping  technologies  could  facilitate  the  translation 
of  new  designs  into  tangible  hardware. 

Seamless  techniques  for  communicating  design  descriptions  from  the  drafting  room  to  the 
manufacturing  floor  are  essential.     New  prototyping  machinery  using  technologies  such  as 
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stereolithography  and  laser  sintering  make  it  possible  to  rapidly  produce  solid  models,  but  further 
improvement  is  necessary. 

Process  models  being  developed  with  computer-based  tools  also  support  the  development  of 
rapid  manufacturing  processes.  In  addition,  intelligent  processes  for  casting,  forming,  machining, 
and  joining  are  constantly  evolving,  and  promise  to  not  only  reduce  the  need  for  subsequent 
processing  steps  but  also  to  reduce  scrap  materials  and  waste. 

The  automobile  manufacturing  industry  is  a  leader  in  the  use  of  contemporary  technologies  in 
rapid  prototyping  and  intelligent  processes.  Further  benefits  could  derive  from  additional  research 
and  development  in  the  following  areas: 

•  Models  of  casting,  sheet  forming,  induction  hardening,  and  thermal  spraying  processes; 

•  Techniques  for  residual  stress  and  spring-back  calculations; 

•  Analysis  for  molding  of  fiber-composite  panels; 

•  Design  of  high-accuracy  tooling; 

•  Prototype    component    fabrication    using    polymer-based    stereolithography    and    laser 
sintering; 

•  Sensors  for  manufacturing  process  control;  and 

•  Dynamic  modeling  of  mechanical  and  chemical  process  systems  to  optimize  plant  designs. 

3.1.3     Agile/Flexible  Manufacturing 

Agile  manufacturing  provides  for  rapid  response  to  fluctuations  in  requirements  while  providing 
high-quality,  highly  customized  products.  It  integrates  product  definitions,  process  knowledge, 
and  marketing  information  to  ensure  that  the  right  products  get  to  the  customers  at  the  right 
times,  and  at  costs  competitive  with  today's  norms.  A  key  to  this  technology  is  the  integration  of 
the  tooling  and  manufacturing  processes,  which  allows  for  rapid  tooling  design,  fabrication,  and 
interchange.  Advanced  sensors,  intelligent  controls,  and  innovative  actuators  are  important 
components  of  computer-controlled  and  programmable  manufacturing  machinery. 

Government  laboratories,  a  variety  of  supplier  companies,  and  universities  may  augment  the  auto 
industry  in  furthering  the  development  of  agile  manufacturing  technologies.  Cooperative 
programs  could  expedite  the  availability  of  advanced  agile  manufacturing  capability.  Examples  of 
ongoing  projects  under  cooperative  research  and  development  agreements  (CRADAs)  in  this  area 
include  the  following  government-sponsored  projects: 

•  Technologies  Enabling  Agile  Manufacturing  (TEAM), 

•  Enhancement  of  Manufacturing  Operations  Using  Nondestructive  Evaluation, 

•  Simulation/Analysis  of  Robotic  Assembly  Devices  and  Fixtures,  and 

•  Cost-Effective  Ceramic  Machining. 
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4.0  GOAL  2  CONSIDERATIONS 


GOAL  2  -  Implement  commercially  viable  innovations  from  ongoing  research  in 
conventional  vehicles. 

Pursue  technology  advances  that  can  lead  to  improvements  in  the  fuel  efficiency  and  reductions 
in  the  emissions  of  standard  vehicle  designs,  while  pursuing  advances  to  maintain  safety 
performance.  Research  will  focus  on  technologies  that  reduce  the  demand  for  energy  from  the 
engine  and  drivetrain.  Throughout  the  research  program,  the  industry  has  pledged  to  apply 
those  commercially  viable  technologies  resulting  from  this  research  that  would  be  expected  to 
significantly  increase  vehicle  fuel  efficiency  and  improve  emissions. 

In  the  near  term,  research  that  supports  Goal  2  will  build  on  initiatives  already  in  progress  in  the 
industry.  For  the  period  beyond  the  planning  horizon  (judged  to  be  2000  and  beyond), 
collaborative  research  between  USCAR  and  the  government  will  be  most  significant.  For  the  near 
term  timeframe,  industry  plans  to  prioritize  areas  of  research  that  have  greater  potential  for  fuel- 
efficiency  improvement  in  conventional  vehicle  designs. 


4.1        Description  of  Potential  Research  Areas 

To  maximize  fuel  efficiency  and  minimize  emissions,  the  combustion  process  must  be  modeled 
with  sufficient  accuracy  to  predict  energy  release  and  pollutant  formation.  Furthermore, 
diagnostics  are  required  to  assure  that  the  desired  processes  are  occurring  during  operation. 
Other  key  factors  in  addressing  Goal  2  include  the  design  and  fabrication  of  components  that  can 
operate  in  the  more  severe  friction  and  wear  environments  that  will  occur  in  the  new  generation  of 
vehicles.  Higher  temperatures,  higher  cylinder  pressures,  greater  loads  and  stresses,  lower  oil 
viscosity,  and  more  chemically  reactive  fuels  will  increase  the  wear  on  piston  rings,  cylinder  liners, 
valves,  valve  stems,  fuel  injectors,  cams,  bearings,  and  other  components.  Therefore,  a  better 
understanding  is  needed  of  how  friction,  wear,  and  lubrication  affect  materials,  components,  and 
engine  systems.  This  knowledge  will  provide  the  basis  for  the  development  of  advanced 
lubricants  and  cost-effective  processes  for  surface  modification  to  reduce  friction  and  increase  the 
wear  and  corrosion  resistance  of  engine  components. 

Research  is  also  needed  on  materials  and  technologies  that  reduce  the  demand  for  energy  from  the 
engine  and  drivetrain.  Toward  this  end,  work  is  needed  to  improve  aerodynamics  and  reduce 
rolling  resistance.  These  activities  contribute  to  Goal  2  in  the  near  term  and  to  Goal  3  in  the 
longer  term. 

Pre-competitive  research  and  development  for  materials  is  conducted  under  the  direction  of 
USCAR's  Automotive  Materials  Partnership  (USAMP)  and  the  Automotive  Composites 
Consortium  (ACC).  Efforts  to  advance  material  applications  and  manufacturing  processes  are 
focused  on  the  pre-competitive  objectives  of  the  characterization  of  hardware  and  manufacturing 
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processes  and  of  the  properties  of  materials.  The  mass  reduction  and  performance  targets  for  the 
development  of  conventional  materials  are  the  same  as  those  for  advanced  materials  for  Goal  3. 

An  important  existing  initiative  under  Goal  2  in  the  Engine  Support  System  Technology  (ESST) 
Program,  which  is  a  cooperative  effort  between  government  and  industry  through  the  USCAR 
Low  Emissions  Partnership  (LEP).  This  program  has  placed  a  high  priority  on  the  development 
of  oxides  of  nitrogen  (NOx)  catalysts  to  enable  the  use  of  lean  burn  and  ultra-lean  burn  internal 
combustion  engines.  Other  new  technology  areas  identified  for  potential  research  and 
development  include  on-board  vehicle  diagnostic  systems,  enhanced  air-fuel  mixture  preparation 
strategies,  advanced  emissions  sensors,  and  rapid  heat-up  catalysts. 
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5.0  GOAL  3  CONSIDERATIONS 


GOAL  3  ■  Develop  vehicles  that  can  achieve  up  to  three  times  the  fuel  efficiency  of 
comparable  1994  family  sedans. 

Increase  vehicle  fuel  efficiency  to  up  to  three  times  that  of  the  average  1994 
Concorde/Taurus/Lumina  automobiles  with  equivalent  cost  of  ownership  adjusted  for 
economics. 

Research  undertaken  in  pursuit  of  this  goal  is  to  be  guided  by  the  following  specific  assumptions: 

•  Fuel  efficiency  will  be  measured  in  terms  of  miles  per  equivalent  gallon  of  gasoline.  If  an 
alternative  source  of  energy  is  used,  the  goal  will  be  miles  per  British  Thermal  Unit  (BTU) 
equivalent  of  a  gallon  of  gasoline  (or  1 14,132  BTUs).  (Also,  it  is  assumed  that  use  of  an 
alternative  energy  source  will  require  separate  government/industry  activities  and  direction 
regarding  BTU  measurement  and  infrastructure  challenges.) 

•  Vehicles  will  satisfy  Tier  II  emissions  standards  at  the  default  levels  of  0.125  g/mile  of 
hydrocarbons  (HC),  1.7  g/mile  of  carbon  monoxide  (CO)  and  0.2  g/mile  of  oxides  of 
nitrogen  (NO,)  at  100,000  miles  while  complying  with  other  Clean  Air  Act  requirements. 

•  The  target  vehicles  will  meet  the  efficiency  improvement  goal  while  meeting  present  and 
future  Federal  Motor  Vehicle  Safety  Standards  (FMVSS). 

•  Target  vehicles  will  be  at  least  80  percent  recyclable,  up  from  the  75  percent  industry 
average  today. 

•  A  concept  vehicle  should  be  available  in  approximately  six  years  and  a  production 
prototype  in  approximately  ten  years. 

The  following  characteristics  are  to  be  used  in  defining  comparable  1994  family  sedans: 

•  Family  sedan  function,  i.e.,  capable  of  carrying  up  to  six  passengers  with  a  comfort  level 
equivalent  to  that  of  the  1994  Chrysler  Concorde,  Ford  Taurus,  and  Chevrolet  Lumina,  at 
a  fuel  efficiency  of  up  to  three  times  the  average  of  26.6  mpg  (unadjusted  combined  metro 
highway  based  on  Federal  Test  Procedure)  or  26.6  miles  per  1 14,132  BTUs.  Three  times 
this  efficiency  is  80  miles  per  1 14,132  BTUs. 


• 


Acceleration  from  0-60  mph  (0-100  kph)  in  12  seconds  (at  curb  weight,  with  300  lbs.  of 
passenger  load  and  a  full  fuel  tank). 
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•  Luggage  capacity  of  16.8  cubic  feet  or  475  liters  and  load-carrying  capacity  equivalent  to 
that  of  the  comparable  1994  sedans  (load  carrying  capacity  includes  up  to  six  passengers 
with  full  fuel  tank  and  200  pounds  of  luggage). 

•  Operating  metro-highway  range  of  at  least  380  miles  (610  km)  on  the  1994  Federal  Drive 
Cycle. 

•  Equivalent  to  comparable  1994  family  sedans  in  all  of  the  following  aspects: 

-  Performance  in  all  areas,  inducing  acceleration,  cruising  speed,  gradeability,  and 
driveability  at  sea  level  and  at  higher  altitudes 

-  Ride  and  handling 

-  Noise,  vibration,  and  harshness  control 

-  Customer  features  and  options,  including  climate  control  and  entertainment  packages 

-  Total  cost  of  ownership  (with  non-preferential  tax  treatment  on  a  BTU  basis)  adjusted 
for  economics 

•  Minimum  useful  life  of  100,000  miles  (160,000  km)  with  comparable  or  improved  service 
intervals  and  refueling  time. 

•  Capable  of  being  easily  produced  for  export  and  sale  in  major  world  markets. 

5.1     The  Technology  Challenge 

The  distribution  of  energy  in  a  current  mid-size  (family  sedan)  vehicle  is  shown  in  Figure  5-1. 
Note  that  in  this  typical  vehicle  system,  only  12.6  percent  of  the  energy  turns  the  wheels  after 
engine,  standby,  driveline,  and  other  losses  on  the  Federal  Urban  Test  Cycle. 

Major  advances  must  be  made  in  several  technologies  simultaneously  in  order  to  achieve  an  80 
mpg  vehicle.  Improving  the  fuel  economy  requires  a  three-pronged  approach: 

1 )  Convert  energy  more  efficiently, 

2)  Implement  regenerative  braking  to  recapture  energy,  and 

3)  Reduce  the  energy  demand  from  the  vehicle. 
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Figure  5-1.  Energy  Distribution  in  a  Mid-Size  Vehicle 


A  parametric  model  has  been  used  to  show  the  various  ways  in  which  these  approaches  could  be 
combined  to  achieve  the  80  mpg  goal.  Figure  5-2  illustrates  the  approximate  "design  space"  for 
possible  alternative  approaches  for  achieving  the  goal. 

The  design  space  has  both  theoretical  and  practical  limits.  On  the  basis  of  thermal  efficiencies  that 
are  practical  to  achieve  with  various  heat  engines,  the  targeted  fuel  economy  may  not  be 
attainable  through  engine  improvements  alone.  The  needed  thermal  efficiency  ranges  from 
approximately  40  percent  to  55  percent,  which  is  twice  that  of  today's  engines.  Even  with 
advanced  fuel  cells,  which  have  higher  potential  efficiencies  than  heat  engines,  other  vehicle 
improvements  are  likely  to  be  needed. 

Even  with  improved  engines  and  lighter  vehicles,  models  show  that  an  efficient  regenerative 
braking  system  must  be  implemented  to  recover,  store,  and  reuse  energy  currently  lost  by  braking. 
This  approach  will  reduce  the  amount  of  energy  that  must  be  converted  from  fuel,  which  is 
normally  the  most  inefficient  step  of  the  energy  cycle. 

In  addition  to  improved  power  converters  and  regenerative  braking,  attainment  of  the  fuel 
efficiency  goal  will  likely  require  a  20  percent  to  40  percent  reduction  in  the  mass  of  today's 
baseline  vehicles.  This  will  require  more  than  simple  refinements  to  today's  frame  and  body 
construction,  and  calls  for  the  introduction  of  entirely  new  classes  of  structural  materials. 

Advances  must  also  be  achieved  in  several  other  vehicle  technologies.  Although  each  of  these 
will  contribute  less  to  the  overall  system  goal,  their  combined  contribution  may  be  significant. 
These  technologies  include  reduced  aerodynamic  drag,  reduced  tire  rolling  resistance,  and  more 
efficient  mechanical  and  electrical  components. 
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Figure  5-2.  Achieving  "3X"  Fuel  Economy  Requires  Major  Improvements  in  Powertrain 

and  Vehicle  Characteristics* 

*AII  paths  include:  90  percent  efficient  energy  storage,  76.5  percent  efficient  drlveline,  20  percent  lower 
rolling  resistance,  30  percent  lower  accessories  loads 

5.2        Description  of  Potential  Research  Areas 

In  order  to  aciiieve  Goal  3,  researcii  and  development  i.s  needed  in  the  technology  areas  leading  to 
improvements  in  the  vehicle  and  propulsion  system.  These  technologies  include  advanced 
materials  and  structures;  energy  efficient  conversion  systems  (e.g.,  advanced  internal  combustion 
engines,  gas  turbines,  and  fuel  cells);  energy  storage  devices  (e.g.,  advanced  batteries,  flywheels, 
and  ultracapacitors);  more  efficient  electrical  systems;  and  waste  heat  recovery. 

5.2.1     Advanced  Lightweight  Materials  and  Structures 

Lightweight  materials  have  a  direct  impact  on  improving  vehicle  fuel  economy.  A  substantial 
portion  of  fuel  consumption  is  directly  associated  with  a  vehicle's  weight,  because  heavier 
vehicles  require  more  energy  for  accelerating  and  maintaining  speed,  and  dissipate  more  braking 
energy  for  stopping.  The  challenge  is  to  reduce  mass  while  maintaining  an  affordable,  safe 
structure. 

The  auto  industry  has  been  involved  in  the  research  and  development  of  lightweight  materials, 
such  as  aluminum,  titanium,  titanium  aluminide,  magnesium,  metal  matrix  composites,  polymers, 
and  polymer  matrix  composites.  However,  their  use  has  been  limited  because  they  are  much  more 
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expensive  to  produce  than  conventional  steel,  and  their  recycling  has  proven  to  be  a  challenge. 
Alternatively,  optimized  designs  using  high  strength  steel  offer  the  potential  for  weight  reduction. 

To  address  the  technological  challenges  of  PNGV,  major  efforts  are  required  in  the  following 
areas:  1 )  enhanced  processing  and  manufacturing  techniques  for  lightweight  metals;  2)  processing 
and  manufacturing  techniques  for  "high  tech"  lightweight,  high  strength  materials  such  as  polymer 
and  metal  matrix  composites  and  structural  ceramics,  including  interfacing  and  joining  of  these 
materials  with  conventional  materials;  3)  recycling  technology  for  in-plant  and  scrapped  vehicle 
waste;  and  4)  robust  methodologies  for  optimizing  designs  and  reducing  engineering  development 
time.  Materials  R&D  focuses  on  aluminum,  magnesium,  graphite-reinforced  polymer  composites, 
metal  matrix  composites,  new  applications  of  high-strength  steels,  glass-reinforced  polymers, 
design  optimization,  glazing  materials,  and  joining  technologies. 

5.2.2     Energy  Conversion  Systems 

Lean  Burn  Internal  Combustion  Engines  -  Advanced  spark-ignition  and  diesel  engmes  which 
exhibit  particularly  strong  fuel  economy  characteristics  are  lean  bum  in  nature.  Compared  to  a 
standard  spark-ignited  passenger  car  engine  which  operates  near  a  stoichiometric  condition  over 
its  entire  load  and  speed  range,  lean  bum  engines  operate  nearer  to  an  ideal  air  standard  cycle  and 
minimize  low  load  pumping  or  throttling  losses.  Various  evolutionary  and  proposed  revolutionary 
adaptations  of  this  class  of  engine  hold  great  promise  relative  to  meeting  fuel  economy  targets, 
while  achieving  success  in  areas  such  as  cost  effectiveness,  manufacturability,  customer 
acceptance,  overall  performance,  and  emissions. 

Lean  bum  engines  that  offer  the  potential  for  significant  fuel  gains  are  1 )  spark-ignited,  direct  fuel 
injected,  stratified-charge  engines,  and  2)  direct  fuel  injected  diesel  engines.  A  number  of 
preliminary  versions  of  both  of  these  engine  types  have  been  demonstrated  by  various  government 
and  commercial  organizations  but  no  production  prototypes  have  yet  demonstrated  the  efficiency 
and  emission  targets  of  PNGV.  Projected  advances  in  emissions  aftertreatment  for  lean  bum 
engines  further  enhances  their  stock  relative  to  PNGV  objectives  for  Goal  3. 

As  an  example,  advanced  diesel  engines  have  been  run  in  the  laboratory  at  significantly  higher 
efficiencies  than  conventional  diesel  engines.  The  use  of  these  engines  in  passenger-car  size 
engines  will  require  advances  in  areas  such  as:  accelerated  mixing  and  combustion,  fuel  injection 
spray  pattem  timing,  and  compliance  to  small  bore  engines. 

Gas  Turbines  -  As  part  of  a  series  hybrid  propulsion  system,  the  gas  turbine  could  niairiiain 
efficiency  by  operating  close  to  the  design  point  instead  of  over  a  wide  range  of  conditions.  A 
ceramic  gas  turbine,  because  of  its  high-temperature  capability,  has  the  potential  lo  achieve 
excellent  fuel  efficiency  while  preserving  its  low  emissions  characteristics. 

Government  programs  have  made  progress  in  making  ceramic  gas  turbine  components  technically 
viable,  especially  in  the  difficult  area  of  improving  the  strength  and  reliability  of  high-temperature, 
structural  ceramic  materials.     Programs  are  underway  to  address  the  manuf.icturing  of  cost- 
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effective  advanced  ceramics.  Several  of  these  critical  high  temperature  ceramic  components  have 
been  fabricated  and  successfully  rig-tested  in  a  research  setting. 

To  improve  the  technological  readiness  of  ceramic  gas  turbines  for  the  new  generation  of  vehicle, 
research  and  development  objectives  include  the  following: 

•  Low-cost,  high-volume  manufacturing  of  high  strength  structural  ceramic  components; 

•  Improved  combustion  systems  that  would  comply  with  Tier  II  emission  standards; 

•  Robust  mechanical  technologies  and  configurations;  and 

•  Scaled  down  turbines  (0-60  kW)  for  hybrid  vehicles,  with  improved  efficiency. 

Fuel  Cells  -  A  fuel  cell  is  an  electrochemical  device  that  converts  the  energy  of  a  chemical 
reaction  directly  into  electrical  energy.  Fuel  cells  can  be  clean  and  highly  efficient,  low  emissions 
sources  of  electrical  energy  for  vehicle  propulsion.  Fuel  cells  do  not  have  a  combustion  process 
that  generates  airbome  pollutants.  In  a  typical  fuel  cell  system,  hydrogen  and  oxygen  (from  air) 
react  to  produce  electricity,  heat,  and  water.  No  electrical  recharging  of  the  fuel  cell  is  necessary; 
as  long  as  hydrogen  fuel  and  air  are  supplied  to  the  fuel  cell,  it  continues  to  produce  power.  The 
hydrogen  may  be  stored  as  pure  gas  or  stored  as  a  hydrogen-containing  fuel  (such  as  methane, 
methanol,  or  ethanol),  which  must  then  be  processed  (reformed)  to  liberate  the  hydrogen  for 
consumption  in  the  fuel  cells. 

Fuel  cell  technologies  that  may  be  appropriate  for  development  and  use  in  vehicle  applications 
include  the  proton  exchange  membrane  fuel  cell  (PEMFC)  and  direct  methanol  fuel  cell  (DMFC). 

PEMFCs  have  the  potential  to  achieve  the  power  density  required  for  cars  but  research  and 
development  are  required  to  reduce  cost  and  optimize  performance.  Development  efforts  on 
PEMFC  systems  for  the  new  generation  vehicle  are  focusing  on: 

•  improved  membrane  development, 

•  advanced  fuel  cell  stack  designs, 

•  more  efficient  air  compression  systems, 

•  improved  onboard  storage  technology  for  hydrogen, 

•  compact,  lightweight,  rapid-response  fuel  processors,  and 

•  versatile  water  and  thermal  management. 

For  DMFCs,  which  are  based  on  modifications  to  conventional  PEMFC  technologies,  key  aspects 
of  the  development  program  are  focusing  on: 

•  Developing  low-cost  materials  and  lightweight  structures, 

•  Optimizing  membranes  (high-temperature  stability,  methanol-impermeability),  and 

•  Improving  methanol  oxidation  catalysts  to  improve  anode  reaction  kinetics  and  reduce 
catalyst  loading. 
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Hybrid  Propulsion  Systems  -  All  of  the  previously-mentioned  fuel  converters  (lean  bum  spark- 
ignition  and  diesel  engines,  gas  turbines,  and  fuel  cells)  may  be  combined  with  electric  drive 
motors  and  efficient  energy  storage  devices  to  form  hybrid  propulsion  systems.  A  hybrid 
propulsion  system  incorporating  efficient  conversion  technologies  may  provide  the  opportunity 
for  better  energy  management  and  utilization.  Research  and  development  is,  therefore,  focusing 
on  advanced  technologies  that  could  exhibit  dramatically  improved  energy  conversion  efficiencies 
within  the  timeframe  of  the  PNGV.  Major  issues  of  emissions,  system  packaging, 
manufacturability,  consumer  acceptance,  and  cost  need  to  be  resolved. 

5.2.3     Energy  Storage  Technologies 

High-power  energy  storage  devices  that  are  lightweight  and  compact  are  al.so  essential  to 
implementing  a  hybrid  propulsion  system.  These  devices  could  provide  an  efficient  means  for 
storing  engine  output  when  the  vehicle  is  coa.sting  or  stopped  and  also  for  recovering  and  storing 
the  energy  ordinarily  dissipated  as  heat  during  braking.  The  energy  stored  could  subsequently  be 
used  to  supply  additional  power  for  acceleration,  and  the  supplemental  power  needed  by  the 
vehicle  during  sustained  hill  climbing. 

Candidate  technologies  that  may  be  investigated  include  high-power  batteries,  flywheels,  and 
ultracapacitors.  Cost  reduction  is,  of  course,  essential  to  the  viability  of  all  of  these  candidates. 

High-Power  Batteries  -  The  specifications  for  the  high-power  batteries  needed  to  store  braking 
energy  differ  greatly  from  those  being  developed  for  electric  vehicles.  These  batteries  are  used  for 
power  management  and  are  required  to  store  much  less  overall  energy,  but  must  operate  at  very 
high  power  levels.  Power-to-energy  ratios  in  the  range  of  5  to  20  are  needed  compared  to  only 
about  2  for  electric  vehicle  batteries.  Furthermore,  power  management  batteries  could  be 
discharged  and  charged  many  times  per  day,  therefore,  battery  cycle  life  becomes  extremely 
important.  Most  battery  development  to  date  has  been  directed  to  all-electric  vehicles  with 
relatively  little  work  conducted  on  high-power,  multi-cycle  batteries  for  hybrid-electric  vehicles. 
To  meet  the  needs  of  the  PNGV  program,  developmental  efforts  on  high-power  multi-cycle 
batteries  need  to  be  expanded.  Potential  battery  technologies  appropriate  for  the  program  include 
nickel/metal  hydride,  nickel/hydrogen,  lithium/polymer,  and  other  bipolar  batteries. 

Flywheels  -  Prototype  flywheel  systems  have  demonstrated  an  installed  specific  energy  of  5 
Wh/kg  and  a  specific  power  of  350  W/kg  in  commercial  transit  buses.  Several  experimental 
vehicles  have  been  built  using  flywheels  for  automotive  applications.  Additional  research  and 
development  efforts  will  focus  on  increasing  the  specific  energy  and  reducing  the  cost  of  flywheel 
systems.  Further,  research  and  development  offer  the  potential  to  reduce  material  costs,  provide 
lightweight  containment,  and  simplify  overall  system  integration.  Potential  technical  solutions 
include  improved  processing  and  production  of  high-performance  fibers,  wet-filament  winding,  in- 
situ  or  rapid  curing,  and  multi-layer  containment  shielding  based  on  low-cost  metal  matrix  and 
polymer  composites. 
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Ultracapacitors  -  Ultracapacitors  arc  characterized  by  a  high  specific  power,  high 
charge/discharge  energy  efficiency,  and  excellent  cycling  characteristics.  Ultracapacitors 
commercially  available  today  have  a  specific  energy  of  about  I  to  2  Wh/kg.  Laboratory  prototype 
ultracapacitors  have  recently  been  developed  with  a  specific  energy  of  about  2  to  5  Wh/kg  and 
specific  power  of  2  to  4  kW/kg.  Aerocapacitors,  which  are  based  on  the  use  of  aerogels  with 
aqueous  or  organic  electrolytes,  have  projected  specific  energies  of  4  to  8  Wh/kg.  The  key 
technical  challenges  are  to  improve  the  ultracapacitor's  discharge  rate,  its  low  specific  energy,  and 
to  reduce  costs.  Research  and  development  offers  the  potential  to  improve  ultracapacitor 
materials  such  as  carbon/metal  fiber  composites,  monolith  foamed  carbon,  foamed  carbon  with  a 
binder,  doped  polymer  layers  on  carbon  paper,  and  mixed  metal  oxides  (ceramic)  on  metal  foil. 

5.2.4  Energy  Efficient  Electric  Systems 

Today's  electrical  systems  could  benefit  from  reduced  weight  and  losses  in  the  many  electrically- 
powered  accessories  on  today's  internal  combustion  engine  powered  vehicles. 

Continuing  advances  in  power  electronics,  motor  design,  motor  controllers,  and  permanent 
magnets  have  made  possible  the  development  of  alternating-current  (ac)  powertrains,  which  offer 
reduced  size,  weight,  and  improved  efficiency.  During  the  last  decade,  ac  electric  powertrain 
technology  has  been  demonstrated  to  meet  the  requirements  of  electrically  driven  vehicles. 
Research  and  development  will  be  undertaken  to  improve  the  overall  efficiency  of  the  electric 
driveline  (controller,  motor,  and  transmission)  and  the  regenerative  mode.  Improvements  will 
also  be  sought  in  reducing  the  weight  of  the  traction  drive  motor  and  power  electronics.  The 
other  remaining  challenge  is  to  achieve  sizable  reductions  in  the  manufacturing  costs  of  the 
electric  drivetrain. 

Research  and  development  activities  are  focusing  on  power  semiconductors;  power  management 
and  control/energy  management;  advanced  motors  and  generators  (low-cost,  high  specific 
power);  and  models  for  electric  motor/generator  and  electronics  and  electric  devices. 

5.2.5  Waste  Heat  Recovery 

In  today's  vehicles,  more  than  60  percent  of  the  fuel  energy  is  lost  in  the  exhaust  and  cooling 
system.  Recovery  of  this  energy  is  made  difficult  by  the  low  temperatures  of  the  waste  heat 
streams  and  the  absence  of  appropriate  recovery  technology.  The  u.se  of  lower  temperature, 
reduced  thermal  mass  cooling  systems  are  shown  to  have  a  modest  effect  on  emissions  and  fuel 
economy.  The  options  for  waste  energy  recovery  in  piston  engines  include  bottoming  cycles, 
turbocompounding,  over-expansion  devices,  and  thermal-to-electric  energy  conversion  devices. 
However,  these  devices  all  suffer  from  high  cost  and  packaging  problems.  These  systems  are  not 
currently  cost-effective  becau.se  of  low  fuel  prices.  Research  could  be  targeted  at  affordable 
technologies  for  efficiently  recovering  and  utilizing  exhaust  energy. 
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6.0  INTERRELATIONSHIP  AND  INTEGRATION  OF  GOALS 


The  close  interrelationship  among  PNGV's  three,  mutually  supportive  goals  is  illustrated  in  Figure 
6- 1 .  The  new  manufacturing  technologies  and  approaches  developed  to  meet  Goal  1  can  lead  to 
dramatic  improvements  in  product  quality,  cost,  and  time-to-market.  These  improvements  in 
manufacturing  productivity  will  help  to  assure  that  the  cars  of  the  future  (using  designs  developed 
to  meet  Goals  2  and  3)  are  produced  by  U.S.  industry  and  will  benefit  the  U.S.  economy. 

The  focus  of  Goal  2  is  on  near-term  technological  improvements,  particularly  in  automobile 
efficiency,  safety,  and  emissions.  Progress  in  pursuit  of  this  goal  is  essential  for  the  achievement 
of  Goal  3.  At  the  same  time,  progress  made  in  the  early  phases  of  Goal  3  can  support  the 
objectives  of  Goal  2.  Similarly,  Goal  3  will  draw  on  the  achievements  toward  Goals  I  and  2  as 
well  as  contribute  to  the  technology  pull  in  those  two  areas. 


' —    Lightweight  Materials 

Combustion 

Advanced  Catalysts 

Crashworthiness 

Fluid  and  Aerodynamics 


Figure  6-1.  PNGV  Mutually  Supportive  and  Interactive  Goals 
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7.0  MILESTONES  AND  PRIORITIZATION  OF  TASKS 


As  shown  in  Figure  7-1,  the  PNGV  schedule  for  accomplishment  of  breakthrough  vehicle 
technologies  provides  for  an  orderly  progression  from  the  development  of  discrete  component 
technologies  to  their  integration  into  subsystems,  followed  by  system  development  and  full-vehicle 
demonstrations. 


PNGV  Master  Program  Schedule 
6/2/94 
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Figure  7-1.  Milestones  and  Prioritization  of  Tasks 

The  first  vehicle  demonstration  is  called  a  "concept  car"  (see  item  13  in  Figure  7-1)  and  is 
intended  to  evaluate  the  engineering  feasibility  of  the  components  when  integrated  for  the  first 
time  in  a  total  system.  The  second  vehicle  demonstration  is  called  a  "production  prototype"  (see 
item  19  in  Figure  7-1)  because  it  entails  demonstration  of  manufacturing  feasibility  and  must  meet 
more  rigorous  product  performance  criteria. 

PNGV's  aggre.ssive  timetable  for  completing  concept  cars  and  production  prototypes  requires 
that  the  first  set  of  component  technologies  be  narrowed  down  by  the  end  of  1997.  The  selection 
process  will  be  based  on  data  from  representative  experiments,  therefore  work  on  technologies 
must  be  accelerated  as  much  as  possible  so  that  the  various  options  can  be  considered  on 
demonstrated  merit. 
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Even  after  certain  component  technologies  have  been  selected  for  evaluation  in  the  vehicle-level 
demonstrations,  they  must  continue  to  mature.  It  is  expected  that  by  1997,  only  intermediate 
targets  will  have  been  met.  Continued  investment  should  be  made  in  these  technologies  so  that 
second  and  third  generation  components  will  become  available  for  later  demonstrations  and 
potential  incorporation  into  full-production  vehicles. 

This  schedule  also  shows  a  continuing  systems  analysis  effort  to  link  the  work  on  components  and 
systems.  This  integration  is  extremely  important  as  it  will  provide  quantitative  evaluation  of  the 
alternative  components  and  systems.  Future  resource  allocation  will  be  influenced  by  the  outcome 
of  these  rigorous  systems  analyses. 

The  last  step  of  the  planning  process  will  be  to  define  the  technical  approaches  and  programs 
needed  to  achieve  the  quantitative  targets  within  the  prescribed  timeframes.  Each  of  the  targets 
for  components  can  be  approached  in  several  ways.  Some  of  the  approaches  have  the  potential  to 
exceed  the  targets,  although  generally  at  higher  cost  and  risk. 

The  Partnership  is  currently  defining  the  specific  programs  needed  and  setting  the  stage  for  the 
concept  vehicle  demonstrations.  Some  of  the  new  programs  are  already  underway  and  in-place 
programs  and  facilities  will  be  used  and  expanded  as  appropriate.  The  government  has  listed  its 
relevant,  ongoing  research  projects.  That  list  has  been  reviewed  by  industry  for  applicability  to 
PNGV.  Industry  and  government  are  in  the  process  of  visiting  various  Federal  laboratories  and 
reviewing  and  coordinating  program  plans. 

In  addition,  the  Partnership  is  working  to  identify  any  gaps  in  the  program,  not  covered  by 
existing  program  plans,  or  which  are  not  sufficient  to  address  the  aggressive  PNGV  targets. 
Teams  are  also  working  to  focus  joint  resources  more  effectively  on  the  key  pacing  problems  and 
to  eliminate  any  unnecessary  overlaps  that  may  be  discovered. 
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8.0  MANAGEMENT  PLAN 


8.1        Operating  Roles 

The  PNGV  consists  of  two  main  organizational  units,  the  Operational  Steering  Group  and  the 
Technical  Task  Force  (see  Section  2.0).  Each  of  these  two  bodies  contains  both  government  and 
industry  participants,  which  ensures  there  is  mutual  agreement  on  all  key  PNGV  activities  and 
decisions.  The  primary  management  responsibilities  are  as  follows: 

The  Operational  Steering  Group  is  responsible  for 

•  Strategic  planning, 

•  Program  review  and  prioritization, 

•  Availability  of  program  resources  and  funding, 

•  Coordination  of  legal  and  public  affairs  functions,  and 

•  Direction  to  the  Technical  Task  Force. 

The  Technical  Task  Force  is  responsible  for 

•  Planning,  development,  and  implementation; 

•  Project  management; 

•  Coordination  of  technical  expertise  among  government  and  industry; 

•  Communication  of  progress  to  the  Operational  Steering  Group;  and 

•  Outreach  to  outside  parties. 

The  Operational  Steering  Group  is  supported  by  both  government  and  industry  Legal  Groups, 
Public  Affairs  Groups,  and  Congressional/Legislative  Groups,  which  provide  technical 
expertise  in  their  respective  areas.  Similarly,  industry  and  government  each  have  the  support  of 
their  own  Secretariat. 

The  Government  PNGV  Secretariat  serves  as  a  central  point  of  contact.  It  is  responsible  for 
the  storage  and  maintenance  of  non-proprietary  data  and  information,  the  separate  development 
and  housing  of  the  PNGV  Library  and  Reading  Room,  dissemination  of  government  information 
in  response  to  public  requests,  and  the  establishment  and  maintenance  of  a  physical  facility  for 
government  support  staff.  USCAR  similarly  serves  as  the  industry's  administrative  arm.  Contact 
information  is  provided  below. 


PNGV  Secretariat 

U.S.  Department  of  Commerce 

Herbert  Clark  Hoover  Building,  Room  4845 

14th  Street  and  Constitution  Avenue,  N.W. 

Washington,  D.C.  20230 

Phone:  202-482-6260 

Fax:  202-482-6275 


USCAR 

330  Town  Center  Drive,  Suite  100 

Dearborn,  MI  48126 

Phone:  313-248-4300 

Fax:  313-248-4303 
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8.2        Federal  Agencies 

Under  the  leadership  of  the  Department  of  Commerce,  eight  Federal  operating  agencies  are 
actively  contributing  to  the  development  of  new  technologies  for  PNGV.  Their  areas  of  expertise 
in  relation  to  the  program  are  discussed  next. 

The  Department  of  Commerce's  National  Institute  of  Standards  and  Technology  (NIST)  is  a 
world-class  center  for  physical  science  and  engineering  research.  It  has  several  major  programs 
specifically  designed  to  spur  industrial  innovation,  accelerate  the  use  of  new  technologies,  and 
encourage  industry  to  improve  quality.  NIST's  research  areas  that  could  be  applied  to 
automotive  technology  include  advanced  materials,  new  manufacturing  processes,  high- 
performance  computing  and  communications,  advanced  electronics  and  controls,  environmental 
technologies,  and  measureinent  standards  and  techniques.  The  Advanced  Technology  Program 
has  provided  many  awards  which  directly  benefit  the  partnership. 

The  Department  of  Defense  is  engaged  in  the  development  of  military  vehicles  with  major 
improvements  in  performance  and  efficiency.  DOD  is  .specifically  concerned  with  combat  support 
of  energy  intensive  vehicles  and  the  need  to  reduce  the  cost  and  time  required  to  complete  design- 
to-production  cycles.  As  a  result,  DOD  has  a  number  of  automotive  technology  programs 
relevant  to  PNGV  goals.  The  activities  of  these  programs  are  being  coordinated  with  PNGV 
through  the  U.S.  Army  Tank  Automotive  Research,  Development,  and  Engineering  Center 
(TARDEC).  the  world's  largest  producer  of  military  ground  vehicles,  and  the  Advanced  Research 
Projects  Agency. 

The  Department  of  Energy  has  several  transportation-related  missions  and  capabilities  relevant 
to  the  PNGV  goals.  Central  to  the.se  missions  is  improved  efficiency  in  energy  use,  diversity  in 
energy  sources,  and  improved  environmental  quality.  Other  DOE  areas  of  expertise  that  can 
contribute  to  PNGV  goals  include  the  manufacturing  and  computational  capabilities  associated 
with  the  nuclear  defense  programs.  DOE's  ten  national  laboratories  possess  expertise,  facilities, 
and  resources  that  can  directly  contribute  to  achieving  the  goals  of  the  Partnership.  For  example, 
the  laboratories  conduct  research  programs  in  advanced  engine  technologies  such  as  gas  turbines, 
hybrid  vehicles,  alternative  fuels,  fuel  cells,  advanced  energy  storage,  and  lightweight  materials. 
DOE  supports  the  national  laboratories  in  establishing  joint  industry/national  laboratory 
Cooperative  Research  and  Development  Agreements  with  the  USCAR  consortia.  In  these 
CRADAs,  DOE  funds  the  laboratories'  efforts,  while  the  industry  funds  its  share  of  the  work.  A 
"master"  CRADA  has  been  developed  as  the  model  for  all  such  efforts  within  PNGV,  which  will 
eliminate  the  need  to  constantly  re-negotiate  the  general  terms  for  these  agreements. 

The  Department  of  Interior  has  as  one  of  its  missions  to  provide  materials-conservation 
solutions  to  national  problems  through  cost-shared,  cooperative  work.  The  Materials  Research 
Partnership  Center  of  the  U.S.  Bureau  of  Mines  has  capabilities  and  programs  relevant  to  the 
PNGV  goals  at  its  materials  research  laboratory.  Examples  of  this  expertise  include  research 
programs  relevant  to  low-cost  titanium,  corrosion,  and  mechanical  performance  of  lightweight 
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materials,  casting  of  lightweight  materials,  recycling  and  reuse  of  alloys  and  composites,  and 
synthesis  and  joining  of  advanced  materials. 

The  Department  of  Transportation  has  designated  the  National  Highway  Traffic  Safety 
Administration  (NHTSA)  as  the  coordinator  for  all  DOT  activities  related  to  PNGV.  NHTSA  is 
responsible  for  conducting  safety  research  and  promulgating  standards  for  Federal  motor  vehicles. 
As  a  result,  its  involvement  in  PNGV  will  help  assure  that  any  vehicles  offered  for  sale  possess 
structural  integrity,  include  occupant  protection  systems,  and  do  not  compromise  safety  levels. 
Other  components  of  DOT  that  will  contribute  to  research  in  safety,  materials,  powertrain,  and 
other  technologies  include  the  Research  and  Special  Projects  Administration,  the  Federal  Highway 
Administration,  and  the  Federal  Transit  Administration. 

The  Environmental  Protection  Agency  is  responsible  for  research,  policies,  and  regulations  in 
the  enforcement  of  Federal  programs  related  to  air,  water,  and  land  pollution.  Its  National 
Vehicle  and  Fuel  Emissions  Laboratory  (NVFEL)  is  specifically  equipped  to  focus  on  high-payoff, 
high-risk  automotive  technologies  to  reduce  pollutants,  especially  carbon  dioxide  emissions.  Its 
focus  will  be  to  determine  whether  specific  designs  that  could  achieve  the  PNGV  target  fuel 
efficiency  could  also  provide  a  commensurate  reduction  in  greenhouse  gases  and  criteria  pollutant 
emissions. 

The  National  Aeronautics  and  Space  Administration  represents  a  leading  source  of  advanced 
technologies  based  on  its  historical  role  as  the  nation's  civilian  space  agency.  Its  expertise  will  be 
used  in  the  application  of  aerospace  technology  as  well  as  in  the  development  of  advanced 
automotive  technologies  and  propulsion  systems  to  conserve  energy  and  improve  the 
environment.  NASA  will  apply  its  expertise  in  three  ways:  by  drawing  upon  existing  space 
technologies  such  as  systems  analysis  and  advanced,  lightweight,  high-strength  materials;  by 
developing  dual-use  technologies  such  as  advanced  batteries  and  fuel  cells  to  support  both  the 
automotive  industry  and  aerospace  programs;  and  by  developing  technologies  specifically  for 
PNGV,  such  as  advanced  power  management  and  distribution  technology. 

The  National  Science  Foundation  conducts  research  on  the  enabling  technologies  that  may 
provide  the  basis  for  major  breakthroughs.  It  supports  programs  that  are  automotive-related  and 
supports  generic  research  in  areas  such  as  materials,  engineering,  manufacturing,  sensors,  and 
computer  organization  and  operation. 

8.3        Major  Domestic  Automakers 

The  United  States  Council  for  Automotive  Research  was  formed  by  Chrysler,  Ford,  and  General 
Motors  in  1992,  following  successful  cooperative  research  and  development  activities  that  began 
in  1988.  USCAR  is  directed  by  a  three-member  council  comprised  of  the  Vice  Presidents  of  the 
three  auto  companies.  The  mission  of  USCAR  is  to  facilitate,  monitor,  and  promote  pre- 
competitive  cooperative  research  and  development. 
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Through  this  cooperative  effort,  resources  can  be  coordinated  more  effectively  to  conduct 
research  and  evaluate  alternative  technologies  to  improve  the  automobile.  The  USCAR  consortia 
can  contribute  to  one  or  more  of  the  three  PNGV  goals.  Examples  of  research  goals  for  some  of 
these  existing  consortia  are  illustrated  in  Table  8-1. 

Table  8-1.  Industry  Consortia  Related  to  PNGV  Research  Goals 


Consortia 

Consortia  Goals  Related  To  PNGV  Goals 

Auto/Oil  Air  Quality  Improvement 
Research  Program 

Develop  data  on  potential  vehicle  emissions 
improvements  from  reformulated  gasoline, 
alternative  fuels,  and  new  automotive 
technology 

CAD/CAM  Partnership 

Promote  and  apply  feature-based  technology 
to  reduce  the  complexity  and  costs  of 
product  and  process  design  and  too! 
manufacture 

Environmental  Research  Consortium 

Conduct  research  on  the  environmental 
impacts  of  vehicle  and  manufacturing 
emissions 

Low  Emissions  Technologies  R&D 
Partnership 

Coordinate  R&D  activities  on  vehicle 
emissions  technologies 

Natural  Gas  Vehicle  Technology 
Partnership 

Conduct  research  on  means  to  reduce  the 
cost  of  storage  tanks  used  in  natural  gas- 
powered  vehicles 

Supercomputer  Automotive  Applications 
Partnership 

Perform  high-performance  parallel  computing 
and  communications  research  applied  to 
vehicle  design  and  development 

U.S.  Advanced  Battery  Consortium 

Pursue  research  and  development  of 
advanced  energy  systems  capable  of 
improving  the  range  and  performance  of 
electric  vehicles 

U.S.  Automotive  Materials  Partnership 

Conduct  vehicle-oriented  research  and 
development  in  lightweight  and  other 
advanced  materials  and  materials  processing 

Vehicle  Recycling  Partnership 

Conduct  research  on  recycling,  reuse,  and 
disposal  of  motor  vehicles  and  vehicle 
components 
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9.0  RESOURCES  AND  FUNDING 


Both  government  and  industry  have  brought  unique  strengths  to  the  Partnership.  The  industry 
partners  are  best  equipped  to  determine  which  product  concepts  make  the  most  sense  to  pursue 
from  a  marketing  perspective.  Their  expertise  in  mass  production  for  domestic  and  international 
markets  is  essential  to  convert  any  advanced  technical  idea  into  a  practical  product.  Federal 
agencies  have  access  to  advanced  research  facilities  not  typically  available  to  private  firms.  For 
example,  many  technologies  being  developed  for  specific  military  or  space  applications  may  have 
direct  relevance  to  PNGV.  In  other  cases,  Federal  funds  can  be  used  directly  to  fund 
government/industry  research  partnerships  if  the  technical  risks  are  too  great  or  the  returns  too 
distant  to  obtain  adequate  funding  from  the  private  sector  alone. 

In  order  to  accomplish  the  defined  goals  of  PNGV,  government  and  industry  will  enter  into 
various  contracts,  subcontracts,  understandings,  and  cooperative  research  and  development 
agreements  as  well  as  shared  research  arrangements.  Some  of  the  administrative  mechanisms 
through  which  these  arrangements  can  be  made  are  listed  in  Table  9-1.  (See  Section  10.0  for  an 
explanation  of  acronyms  not  previously  defined.) 

Table  9-1.  Means  for  Cooperative  Government  Programs  with  Auto  Industry 


Agency 


DOC/NIST 

DOD/ARPA 

DOE 

DOI 

DOT 

EPA 

NASA 

NSF 


Administrative  Mechanisms 


ATP,  SBIR,  ERIP  CRADA,  R&D  Contract 

TRP,  SBIR,  STTR,  CRADA,  BAA,  R&D  Contract 

CRADA,  PRDA,  SBIR,  STTR,  R&D  Contract 

SBIR 

SBIR,  Cooperative  Agreement,  R&D  Contract 

SBIR,  R&D  Contract 

SBIR,  STTR,  R&D  Contract 

Grant,  SBIR,  STTR,  Cooperative  Agreement,  Research  Awards 


Participants  in  PNGV  projects  will  share  the  cost  of  the  enterprise  using  a  variety  of 
arrangements,  including  direct  funding  of  research  in  industry  or  university  facilities  and 
cooperative  research  arrangements,  which  combine  government  and  private  research  without 
transfer  of  funds.  While  the  relative  proportions  of  government  and  private  funding  will  vary 
depending  on  the  initiative  and  on  the  specific  project  involved,  the  general  rule  is  that  there  will 
be  significant  cost  sharing  by  industry  and  government.  The  proportion  of  Federal  funding  will  be 
higher  for  high-risk  projects  in  which  the  outcome  is  uncertain.  The  proportion  of  industry 
funding  will  be  higher  for  technologies  with  a  clear,  near-term  market. 
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10.0  PARTICIPATION  IN  PNGV 


Participation  in  PNGV  is  open  to  all  interested  individuals  and  organizations  that  can  make 
relevant  and  potentially  important  contributions  toward  the  attainment  of  the  established 
objectives.  The  Partnership  will  seek  out  technologies  from  any  sources  that  might  contribute  to 
the  goals  of  the  initiative.  Qualified  individuals  and  organizations  can  submit  proposals  to  receive 
government  funds  to  pursue  promising  research  and  development  work  on  PNGV-related 
technologies. 

The  major  domestic  automakers  and  the  government  have  historically  maintained  a  strong 
foundation  of  affiliation  with  other  developers  and  suppliers  of  technology,  including  the  supplier 
community,  universities,  small  businesses,  and  individuals.  Consistent  with  this  heritage,  PNGV  is 
intent  upon  using  the  best  ideas,  concepts,  technologies,  and  systems  available  in  this  broader 
community  to  meet  its  goals. 

Bringing  the  users  and  suppliers  of  technology  together  into  stable,  long-term  relationships  can  be 
an  effective  means  to  alleviate  the  high  costs  and  risks  associated  with  moving  a  new  technology 
into  the  marketplace.  To  encourage  this  wide  range  of  participation,  members  of  the  Partnership 
are  already  participating  in  public  meetings,  workshops,  symposia,  and  conferences  to  disseminate 
information  about  the  program  and  the  technical  needs  of  PNGV. 

Currently,  input  or  ideas  may  be  submitted  directly  to  the  applicable  government  agency  through 
their  respective  mechanisms.  Government  funding  to  support  PNGV  activities  is  currently 
available  through  existing  programs  within  the  eight  participating  Federal  agencies.  Each 
program,  however,  is  empowered  to  award  research  funds  to  different  types  of  organizations  and 
through  different  types  of  funding  mechanisms.  Potential  government  funding  sources  include  the 
following: 

•  Advanced  Technology  Program  (ATP)  under  the  National  Institute  of  Science  and 
Technology  and  the  U.S.  Department  of  Commerce; 

•  Broad    Agency    Announcement    (BAA)    under   the    U.S.    Army   Tank    Automotive 
Command,  U.S.  Department  of  Defense; 

•  Energy-Related  Inventions  Program  (ERIP)  under  the  National  Institute  of  Science  and 
Technology,  U.S.  Department  of  Commerce,  and  the  U.S.  Department  of  Energy; 

•  Program    Research    and    Development   Announcement    (PRDA)    under   the   U.S. 
Department  of  Energy; 
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•  Small  Business  Innovation  Research  (SBIR)  programs  under  the  Departments  of 
Commerce,  Defense,  Energy,  and  Transportation,  the  Environmental  Protection  Agency, 
and  the  National  Aeronautics  and  Space  Administration; 

•  Small  Business  Technology  Transfer  (STTR)  under  the  Department  of  Energy, 
Department  of  Defense,  National  Science  Foundation,  and  the  National  Aeronautics  and 
Space  Admmistralion;  and 

•  Technology  Reinvestment  Project  (TRP)  under  the  Advanced  Research  Projects 
Agency  (ARPA)  of  the  U.S.  Department  of  Defense. 

Detailed  descriptions  of  each  of  these  programs,  as  well  as  their  respective  funding  mechanisms, 
are  listed  in  a  government  document  entitled  Inventions  Needed  for  PNGV.  This  document  also 
contains  descriptions  of  the  specific  innovation  needs  for  the  major  technical  areas  in  the  PNGV 
program  and  current  solicitation  information  for  each  of  the  participating  government  agencies. 
Copies  of  Inventions  Needed  for  PNGV  may  be  obtained  through  the  Government  PNGV 
Secretariat  at  the  address  shown  below.  PNGV  information  may  also  be  obtained  through  the 
World  Wide  Web  Homepage  located  at  http://picard.aero.hq.nasa.gov/index.html. 

PNGV  Secretariat 

U.S.  Department  of  Commerce 

Herbert  Clark  Hoover  Building,  Room  4845 

14th  Street  and  Constitution  Avenue,  N.W. 

Washington,  DC  20230 

Phone:  (202)482-6260 

Fax:  (202)482-6275 
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APPENDIX  A 

Partnership  for  a  New  Generation  of  Vehicles: 
Operational  Steering  Group 

U.S.  Government  Industry 

Mary  L.  Good,  Department  of  Commerce,  Chair  Chairmen: 

Francois  Castaing,  Chrysler 
Joseph  Bordogna,  National  Science  Foundation  John  McTague,  Ford 

Bo  Cutter,  National  Economic  Council  Arvin  Mueller,  General  Motors 

Mortimer  Downey,  Department  of 

Transportation  Bob  Mull,  PNGV  Director,  Ford 

Christine  Ervin,  Department  of  Energy  Peter  Rosenfeld.  PNGV  Director,  Chrysler 

Lionel  Johns,  White  House  Office  of  Science  Ron  York,  PNGV  Director,  General  Motors 

&  Technology  Policy 
Anita  Jones,  Department  of  Defense 
Henry  Kelly,  White  House  Office  of  Science  & 

Technology  Policy 
Linda  Lance,  Office  of  the  Vice  President 
Mary  Nichols,  Environmental  Protection 

Agency 
Arati  Prabhaker,  Department  of  Commerce 
Alice  Rivlin,  Office  of  Management  &  Budget 
Sam  Venneri,  National  Aeronautics  and 

Space  Administration 

Executive  Secretary  Executive  Secretary 

James  H.  Kelley,  Department  of  Commerce  Mike  Thomas,  USCAR 
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Appendix  B 

Partnership  for  a  New  Generation  of  Vehicles: 

Technical  Task  Force, 

Executive  Committee,  Technical  Directorate, 

and  Interagency  Support  Group 

U.S.  Government  Industry 

Robert  Chapman,  Department  of  Commerce,  Bob  Mull,  PNGV  Director,  Ford 

Chair  Peter  Rosenfeld,  PNGV  Director,  Chrysler 

Pandit  Patil,  Department  of  Energy,  Ron  York,  PNGV  Director,  General  Motors 

Vice  Chair 

Mike  Thomas,  Executive  Director,  USCAR 

Walter  Bryzik,  Department  of  Defense 

Han  Dihn,  U.S.  Postal  Service 

Donald  Dix,  Department  of  Defense 

Charles  Gray,  Environmental  Protection  Agency 

John  Gully,  Department  of  Defense 

Murray  Hirschbein,  National  Aeronautics  and 
Space  Administration 

Ralph  Hitchcock,  Department  of  Transportation 

Rusty  Kalyoncu,  Department  of  Interior 

Jay  Lee,  National  Science  Foundation 

William  Siegel,  Department  of  Energy 

Dennis  Ward,  Department  of  Defense 

Tom  Weber,  National  Science  Foundation 

Michael  Wozny,  Department  of  Commerce 

Ex-Officio  Members 

Chairman  of  the  Clean  Car  Coordinating 

Committee 
Lisa  Gaisford,  Office  of  Management  &  Budget 
Thomas  Gross,  Department  of  Energy 
Jim  Kelley,  Department  of  Commerce 
Henry  Kelly,  White  House  Office  of  Science 

&  Technology  Policy 
Linda  Lance,  Office  of  the  Vice  President 
Randy  Steer,  Office  of  Management  &  Budget 
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Appendix  C 

Partnership  for  a  New  Generation  of  Vehicles: 
Other  Supporting  Groups 


Legal  Group 

U.S.  Government  Industry 

Mark  Bohannon,  Department  of  Commerce  Norm  Thorpe,  General  Motors 

Public  Affairs  Group 

U.S.  Government  Industry 

Virginia  Miller,  Department  of  Commerce  Scott  Fosgard,  United  States 

Council  for  Automotive  Research 

Congressional/Legislative  Group 

Government 
Linda  Lance,  Office  of  the  Vice  President 
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APPENDIX  D 


Glossary  of  Acronyms 


ACC  -  Automotive  Composites  Consortium 
ARPA  -  Advanced  Research  Projects  Agency 
ATP  -  Advanced  Technology  Program 
BAA  -  Broad  Agency  Announcement 
BTU  -  British  Thermal  Unit 
C-4  -  Clean  Car  Coordinating  Committee 
CEQ  -Council  for  Environmental  Quality 
CRADA  -  Cooperative  Research  and  Development  Agreement 
DMFC  -  Direct  methanol  fuel  cell 
DOC  -  Department  of  Commerce 
DOD  -  Department  of  Defense 
DOE  -  Department  of  Energy 
DOI  -  Department  of  Interior 
DOT  -  Department  of  Transportation 
EPA  -  Environmental  Protection  Agency 
ERIP  -  Energy-Related  Inventions  Program 
ESST  -  Engine  Support  System  Technology 
FMVSS  -  Federal  Motor  Vehicle  Safety  Standards 
GM  -  General  Motors 
lASG  -  Interagency  Support  Group 
LEP  -  Low  Emissions  Partnership 
NASA  -  National  Aeronautics  and  Space  Administration 
NEC  -  National  Economic  Council 
NHTSA  -  National  Highway  Traffic  Safety  Administration 
NSF  -  National  Science  Foundation 
NVFEL  -  National  Vehicle  and  Fuel  Emissions  Laboratory 
NIST  -  National  Institute  of  Standards  and  Technology 
OEM  -  Original  equipment  manufacturer 
OMB  -  Office  of  Management  and  Budget 
OSG  -  Operational  Steering  Group 

OSTP  -  Office  of  Science  and  Technology  Policy  (White  House) 
J)VP  -  Office  of  the  Vice  President 
PEMFC  -  Proton  exchange  membrane  fuel  cell 
PRDA  -  Program  Research  and  Development  Announcement 
PNG V  -  Partnership  for  a  New  Generation  of  Vehicles 
R&D  -  Research  and  development 
RD&T  -  Research,  development,  and  technology 
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SBIR  -  Small  Business  Innovation  Research 

STTR  -  Small  Business  Technology  Transfer 

TARDEC  -  Tank  Automotive  Research,  Development,  and  Engineering  Center 

TEAM  -  Technologies  Enabling  Agile  Manufacturing 

TRP  -  Technology  Reinvestment  Project 

USAMP  -  United  States  Automotive  Materials  Partnership 

USPS  -  United  States  Postal  Service 

USCAR  -  United  States  Council  for  Automotive  Research 

USTA  -  Under  Secretary  for  Technology 
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THE  PARTNERSHIP  FOR  A  NEW  GENERATION  OF  VEHICLES  (PNGV) 

Today's  automobile  forms  an  important  component  of  the  U.S.  economy  and  has  become 
an  integral  part  of  our  way  of  lite.  It  is  therefore  essential  that  we  find  cost-effective  solutions 
to  the  issues  of  fuel  efficiency  and  exhaust  emissions.  The  Partnership  for  a  New  Generation  of 
Vehicles,  also  known  as  PNGV,  was  formed  to  find  these  solutions.  PNGV  is  a  cooperative, 
collaborative  research  and  development  program  between  the  U.S.  Government  and  the  U.S. 
Council  for  Automotive  Research  (USCAR),  which  is  made  up  of  the  auto  partners  —  Chrysler, 
Ford,  and  General  Motors. 

PNGV's  long-term  goal  is  to  develop  vehicles  that  will  deliver  up  to  three  times  greater  fuel 
efficiency  (80  miles  per  gallon  or  BTU  equivalent)  and  cost  no  more  to  own  and  operate  than 
today's  comparable  vehicles  (i.e.,  the  1994  Chrysler  Concorde,  Ford  Taurus,  and  Chevrolet 
Lumina).  At  the  same  time,  this  new  generation  of  vehicles  should  maintain  the  performance, 
size,  and  utility  standards  of  today's  vehicles  and  meet  all  mandated  safety  and  emission 
requirements.  It  should  be  emphasized  that  the  automakers  will  select  the  technologies,  design 
the  vehicles,  and  implement  the  manufacturing  process  for  the  new  generation  vehicles. 

The  development  of  energy  efficient,  low  emission  vehicles  is  important  for  both  economic 
and  environmental  reasons.  From  an  economic  viewpoint,  the  introduction  of  a  new  generation 
of  vehicles  will  preserve  U.S.  jobs  and  improve  U.S  competitiveness  in  the  automotive  market. 
A  more  competitive  auto  industry  will  improve  the  balance  of  trade,  keeping  more  dollars  in  the 
domestic  economy.  On  an  environmental  level,  a  new  generation  of  fuel  efficient  vehicles 
promises  such  benefits  as  reduced  exhaust  emissions,  which  will  improve  air  quality,  and  reduced 
gasoline  consumption.  The  latter  benefit  will  lead  to  reduced  dependence  on  imported  oil,  further 
compounding  the  domestic  economic  benefits  of  PNGV. 

The  Partnership  has  three  specific  but  interrelated  technological  goals: 

1)  SigniTicantly  improve  national  competitiveness  in  manufacturing. 

Improve  productivity  of  the  U.S.  manufacturing  base  by  significantly  upgrading 
U.S.  manufacturing  technology,  including  adoption  of  agile  and  flexible 
manufacturing  and  reduction  of  costs  and  lead  times,  while  reducing  the 
environmental  impact  or  improving  quality. 

2)  Implement    commercially     viable    innovation     from    ongoing    research    on 
conventional  vehicles. 

Pursue  advances  in  vehicles  that  can  lead  to  improvements  in  the  fiiel  efficiency 
and  emissions  of  standard  vehicle  designs,  while  pursuing  safety  advances  to 
maintain  safety  performance.  Research  will  focus  on  technologies  that  reduce  the 
demand  for  energy  from  the  engine  and  drivetrain.  Throughout  the  research 
program,  the  industry  commits  to  apply  those  commercially  viable  technologies 
resulting  from  this  research  that  would  be  expected  to  significantly  increase 
vehicle  fuel  efficiency  and  improve  emissions. 
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3)  Develop  a  vehicle  to  achieve  up  to  3  times  the  fuel  efficiency  of  today's 
comparable  vehicle. 

Achieve  fuel  efficiency  improvement  of  up  to  three  times  the  average  of 
Concorde/Taurus/Lumina,  with  equivalent  cost  of  ownership  of  today's 
comparable  sedans  adjusted  for  economics. 

Accompanying  these  goals  is  an  aggressive  timetable  for  developing  a  new  generation  of 
vehicles  (see  Figure  1).  To  achieve  these  goals,  PNGV  is  drawing  on  the  technology 
development  programs  of  eight  participating  government  agencies:  the  Department  of  Commerce 
(DOC),  the  Department  of  Defense  (DOD),  the  Department  of  Energy  (DOE),  the  Department 
of  Interior  (DOI),  the  Department  of  Transportation  (DOT),  the  Environmental  Protection  Agency 
(EPA),  the  National  Aeronautics  and  Space  Administration  (NASA),  and  the  National  Science 
Foundation  (NSF). 

During  1994,  government  and  industry  jointly  identified  technology  areas  (listed  in  the 
following  section)  in  which  advancements  are  needed  in  order  to  meet  the  PNGV  goals.  Within 
these  areas,  government  and  industry  also  identified  various  "candidate"  technologies  that  are  to 
be  developed  concurrently.  By  1997,  the  focus  of  technology  development  will  be  narrowed 
down  to  only  those  "candidate"  technologies  that  have  become  sufficiently  developed  and 
demonstrate  adequate  progress  that  they  are  likely  to  meet  PNGV  vehicle  requirements  within 
the  established  timeframe. 


1997 


2000 

I 


2004 


Candidate  Technologies 

Advanced  design  simulations 

Advanced  high  pov\/er  and  high  energy  batteries 

Alternate  fuels,  fuel  storage 

Auxiliary  power  units,  Including  Dl  and  turbine 

Efficient  air  conditioning  systems 

Electric  propulsion  components 

Engine  efficiency  technologies 

Flywheels 

Fuel  cells 

Fuel  reformers 

Low  emission  technologies 

New  materials  and  structures  for  mass  reduction 

Ultrfccapacitors 


Narrow  the 

Technology 

Focus 


Concept 

Vehicles 


Production 
Prototypes 


Figure  1.   PNGV  Timetable 
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As  the  technology  focus  is  narrowed,  the  auto  partners  will  use  these  technologies  to 
develop  concept  vehicles  in  order  to  evaluate  the  engineering  feasibility  of  incorporating  these 
potential  technologies  into  total  vehicle  systems.  Development  of  these  concept  vehicles  is 
expected  by  approximately  2000.  As  concept  technologies  are  further  developed  through 
additional  government  and  industry  research  and  development,  the  auto  partners  will  incorporate 
them  into  production  prototype  vehicles.  These  production  prototypes  which  are  expected  in 
about  2005,  will  demonstrate  the  manufacturing  feasibility  of  the  technologies,  as  well  as  their 
ability  to  meet  rigorous  performance  criteria. 

Before  the  goals  of  PNGV  can  be  realized,  many  advancements  are  needed  in  the  identified 
technologies.  These  advancements  may  be  accomplished  through  the  continued  development  of 
current  technologies  or  through  the  invention  and  application  of  new  technologies. 


What  is  a  Concept  Vehicle? 

A  concept  vehicle  is  one  that  establishes  functional  benefits,  demonstrates  hardware 
availability  in  a  systems  context,  and  includes  a  rough  workplan  leading  to  production 
prototype  verification  of  program  parameters  and  commercial  viability. 

What  is  a  Production  Prototype? 

This  type  of  prototype  is  a  soft  tooled  vehicle  of  a  particular  size,  shape,  material 
composition  and  powertrain,  capable  of  being  competitively  mass  produced  within  a 
three-to-five  year  time  horizon,  using  commercially  validated  manufacturing 
technologies.  When  compared  to  high  volume  hard  production  tooling,  soft  prototype 
tooling  is  quicker  to  produce  and  change  but  has  very  limited  life. 

The  prototype  should  demonstrate  achievement  of  all  functional  attributes  of  the  vehicle 
to  evidence  comparability  with  today's  vehicle  as  defined  above.  The  prototype  will 
require  confirmation  of  total  systems  integration  by  the  industry. 
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TECHNOLOGY  AREAS 

Major  improvements  or  innovations  are  needed  in  the  following  technology  areas  to  enable 
the  auto  partners  to  build  a  new  generation  of  vehicles.  Within  each  of  the  areas,  specific 
candidate  technologies  have  been  identified  as  warranting  investigation.  Although  the  identified 
technologies  do  not  constitute  a  comprehensive  list  of  all  relevant  research  that  is  needed,  they 
do  provide  a  basic  structure  to  assist  researchers,  scientists,  engineers,  and  inventors  in  identifying 
relevant  projects. 


Technology  Areas 

Candidate  Technologies 

Advanced 

Lightweight  Materials 
and  Structures 

-  design  optimization 

-  high-strength  steel 

-  polymer  matrix  composites 

-  metal  matrix  composites 

-  ceramics 

-  engineering  plastics 

-  aluminum,  titanium,  magnesium 

-  joining  technologies  and  adhesives 

-  recycling 

-  process/cycle  time  advancements  in  manufacturing 

Advanced 
Manufacturing 

agile  manufacturing  (programmable  machines  and  tools; 
near  net-shape  casting) 

high  speed  data  communication  and  data  management 
rapid  prototyping  and  virtual  manufacturing;  high 
performance  computing;  complex  visualization  techniques 

-  supercomputing 

-  advanced  forming  technologies 

-  advanced  joining  technologies 

Energy  Conversion 

-  four-stroke,  direct-injection  engines 

-  turbines 

-  fuel  cells 

Energy  Storage 
Devices 

advanced  high-power  batteries 

flywheels 

ultracapacitors 

Efficient  Electrical 
Systems 

-  advanced  electric  motors 

-  power  electronics 

efficient  electric  controllers  (for  regenerative  braking, 
power  management,  signal  distribution) 

March  1995 


446 


i«MWWWi>rowfc»BvipjmTcwopvggua 


Technology  Areas 

Candidate  Technologies 

Waste  Heat  Recovery 

-     thermo-electric  systems 

Advanced  Analysis 
and  Design  Methods 

-  simulations 

-  fluid  dynamics 

-  structural  mechanics 
virtual  prototyping 

-  trade-off  studies 

Reduction  of 
Mechanical  Losses 

advanced  lubricants 
-     low-friction  materials 

Aerodynamics/Rolling 

Resistance 

Improvements 

-  simulation  tools 

-  new  materials 

Improved  Efficiency 
of  Internal 
Combustion  Engines 
(Combustion 
Management) 

-  stratifled  charge/lean  burn  engines 
direct  injection 

-  transient  fuel  control/ftiel  injection 

Emissions  Control 

advanced  NO^  exhaust  catalysts 

on-board  diagnostics  (evaporative  systems,  catalyst 

diagnostics,  engine  misfire) 

advanced  particulate  traps 

Fuel  Preparation, 
Delivery,  and  Storage 

-  pressure  vessels 

-  hydrogen  storage  alternatives 

-  reformers/fuel  processors 

Interior  Thermal 
Management 

low-emissivity  windows 

efficient  heating,  ventilation,  and  air  conditioning  (HVAC) 

Although  the  preceding  list  is  neither  all-inclusive  nor  in  priority  order,  the  first  five 
technology  areas  are  particularly  significant  to  PNGV.  Innovations  or  breakthroughs  in  any  of 
these  areas,  but  particularly  the  first  five,  would  have  a  tremendous  impact  on  the  success  of  the 
program.  The  following  section  provides  information  on  the  PNGV  technology  strategy  and 
specific  goals  for  the  various  candidate  technologies.  The  first  five  technology  areas  are  then 
discussed  in  terms  of  the  inventions  needed.  This  is  followed  by  a  section  on  how  interested 
inventors  can  participate  in  this  landmark  research  initiative. 
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TECHNOLOGY  STRATEGY 

Over  the  past  20  years,  automotive  fuel  efficiency  and  emissions  control  have  made 
significant  progress  through  a  combination  of  improvements  to  existing  technologies  and 
development  of  new  technologies.  Further  improvements  are  currently  being  researched  in 
weight  reduction,  design  optimization,  energy  recovery,  power  source  efficiency,  alternative  fuels, 
energy  storage,  energy  conversion,  etc.  In  order  to  achieve  PNGV's  demanding  three  times  fuel 
efficiency  goal,  major  advances  must  be  made  in  many  of  these  "feasible"  technologies  before 
they  may  become  practical  for  use  in  production  automobiles.  These  major  advances  must  be 
made  in  several  technologies  simultaneously  in  order  to  achieve  an  80  mpg  vehicle. 

Results  from  a  parametric  model,  which  has  been  used  to  show  how  these  factors  can  be 
combined  to  achieve  80  mpg,  are  shown  in  Frgure  2.  This  figure  illustrates  the  approximate 
"design  space"  for  one  set  of  alternative  approaches  for  achieving  the  goal.  Three  significant 
technical  targets  are  to  (1)  improve  the  fuel  efficiency  of  the  primary  fuel  converter,  (2)  reduce 
the  mass  of  the  vehicle,  and  (3)   implement  efficient  regenerative  braking. 
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Figure  2.  Achieving  "3X"  Fuel  Economy  Requires  Major  Improvements 
in  All  Powertrain  and  Vehicle  Characteristics 
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The  design  space  has  both  theoretical  and  practical  limits.  On  the  basis  of  realistically 
achievable  thermal  efficiencies  of  various  heat  engines,  engine  improvements  alone  may  not 
achieve  the  fuel  economy  target.  The  thermal  efficiency  needed  ranges  from  approximately  40 
to  55  percent,  which  is  about  twice  as  efficient  as  today's  engines.  Even  with  advanced  fuel 
cells,  which  have  higher  potential  efficiencies  than  heat  engines,  other  vehicle  improvements  are 
likely  to  be  needed. 

Models  show  that  even  with  improved  engines,  an  efficient  regenerative  braking  system 
must  be  implemented  to  recover,  store,  and  reuse  energy  currently  lost  when  using  brakes.  This 
reduces  the  amount  of  energy  which  must  be  converted  from  fuel,  normally  the  most  inefficient 
step  of  the  energy  cycle. 

Even  with  the  improved  power  converters  and  regenerative  braking,  reductions  in  vehicle 
mass  on  the  order  of  20  percent  to  40  percent  from  today's  baseline  vehicles  are  required.  These 
levels  of  mass  reduction  are  beyond  simple  refinement  of  today's  steel  frame,  steel  body 
construction,  and  may  involve  the  introduction  of  entirely  new  classes  of  structural  materials. 

Several  other  advances  must  be  made,  though  these  contribute  less  to  the  overall  system 
goal,  including  reduced  aerodynamic  drag,  reduced  tire  rolling  resistance,  and  more  efficient 
accessories. 
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INNOVATION  NEEDS 

The  goal  of  creating  commercially  viable  vehicles  capable  of  up  to  80  miles  to  the  gallon 
within  a  decade  is  very  aggressive  but  projected  to  be  achievable.  Attainment  of  the  cost  and 
functional  considerations,  however,  significantly  compounds  the  task.  Solutions  to  the  challenges 
facing  PNGV  in  this  endeavor  are  neither  assured  nor  known.  They  may  necessitate  the  use  of 
whole  new  technologies  and  inventions. 

The  Partnership  has  identified  automobile  weight,  advanced  manufacturing  technology, 
principal  power  source  efficiency,  energy  storage,  and  electrical  system  efficiency  as  the  systems 
most  in  need  of  new  inventions  to  obtain  the  necessary  improvements  for  a  new  generation  of 
vehicles.  Each  of  these  areas  has  been  analyzed  in  order  to  highlight  predominant  technological 
barriers,  potential  solutions,  and  the  inventions  needed  to  make  the  technology  feasible  for  PNGV 
application.  A  key  obstacle  to  developing  any  of  these  technologies  for  affordable  mass 
production  is  the  cost  of  materials,  and  the  cost,  robustness,  and  speed  of  manufacturing 
processes. 

Lightweight  Materials 

PNGV  needs  to  find  a  way  to  cost-effectively  process  and  fabricate  the  lightweight 
components  necessary  to  substantially  reduce  vehicle  mass  and,  consequently,  significantly 
improve  fuel  efficiency.  Mass  reduction  is  a  proven  method  for  obtaining  improved  fuel 
economy  in  vehicles.  For  every  10  percent  reduction  in  the  mass  of  a  vehicle,  over  5  percent 
improvement  in  fuel  economy  can  be  expected.  However,  the  challenge  is  to  achieve  mass 
reduction  without  compromising  passenger  comfort  and  safety,  or  sacrificing  handling, 
performance,  reliability,  or  cost.  Reduction  in  mass  could  be  accomplished  through  either 
innovative  structural  design  (better  utilization  of  materials),  through  the  replacement  of  current 
components  with  lighter  equivalents,  or  a  combination  of  the  two.  Currently,  vehicles  are  made 
primarily  of  mild  steel.  The  materials  that  offer  the  best  potential  to  replace  it  in  significant 
proportions  include  high-strength  steel,  aluminum,  polymer-based  composites,  metal  matrix 
composites,  and  magnesium.  While  these  advanced  materials  offer  significant  benefits  for  weight 
reduction,  each  also  has  substantial  barriers  to  overcome  in  the  areas  of  cost  and  manufacturing. 
It  is  worth  noting  that  PNGV  has  prompted  an  aggressive  weight  reduction  effort  by  the  steel 
companies.  The  following  table  lists  some  examples  of  the  inventions  needed  in  materials  and 
materials  processing. 
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Challenges 

Potential   Solution 

Invention  Needed 

Lack  of  low-cost, 
high-strength,  high- 
stiffaess  materials 

High-modulus  fiber 
materials 

Low  cost  carbon  fiber  materials 

High-strength,  high- 
stiffiiess  resins 

New  cost-effective  resins 

Lack  of  cost-effective, 
high-volume 
production  processes 
for  parts  made  from 
polymer-based 
composite  materials 

Fast  molding  process 

Quick-acting  catalyst  or  rapid-curing 
resin 

High  productivity 
equivalent  to  hand  lay- 
up  process 

Automated  process  to  put  oriented 
fibers  or  prepreg  in  place,  i.e. 
fabrication  of  complex  preforms 

Rapid  curing  of 
prepreg  assembly 

Rapid-curing  resin  or  alternate  fast- 
acting  method  to  cure  conventional 
resin  (e.g.,  x-ray,  ultrasound,  etc.) 

High  cost  of  metal 
matrix  composites 

Develop  lower  cost 
materials 

Economical  high  volume  methods  of 
making  and  fabricating  metal  matrix 
composites 

Advanced  Manufacturing 

The  goal  of  building  an  affordable  vehicle  means  that  new  and  innovative  manufacturing 
technologies  are  essential.  Some  initial  manufacturing  needs  which  have  been  identified  are 
shown  in  the  following  table. 


Challenge 

Potential   Solution 

Invention  Needed 

Lack  of  suitably 

Development  of 

Simulation  and  validation  of 

robust  systems  and 

modeling  and 

manufacturing  process,  work  cell, 

modeling 

simulation  methods 

and  tooling 

methodologies  to 

which  take  the 

support  vehicle 

proce.ss  (including 

Alternate  component/product 

manufacturers' 

prototype 

development  and  validation  cost 

evaluation  of  design 

components'*  into 

models  which  take  variability. 

and  manufacturing 

account 

reliability,  and  durability  into 

tradeoffs  in  the  early 

account 

stages  of 

development 

10 
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ChaUenge 

Potential   Solution 

Invention  Needed 

Lack  of 

interoperability  and 
flexibility  of 
manufacturing 
equipment 

Development  of  open 

architecture 

controllers 

Controllers  which  accept  modular 
hardware  and  software  from 
multiple  sources 

Controllers  which  accept  plug  and 
play  type  sensors,  and  strategies  to 
affect  the  manufacturing  process 
based  on  the  sensory  input 

Fixturing  is  too 
individualized  to  the 
task  and  very  human- 
intensive 

Agile  part  fixturing 

Flexible  and  reconfigurable  fixtures 
for  assembly  and  machining  with 
adequate  precision 

Joining  of  aluminum 
components 

Suitable  mechanical 
fasteners 

Practical  rapid  clinching  or  riveting 
systems 

Low-energy  "spot 
welding" 

Process  similar  to  spot  welding, 
perhaps  based  on  laser  system 

Practical  adhesive 
bonding 

Adhesive  with  consistent  bonding 
with  little  surface  preparation  and 
without  high-skill  labor 

A  sensor  or  inspection  process  that 
can  detect  defective  bonds 
immediately  during  the  assembly 
process 

Increased  technology 
to  assure  reliability  of 
spot  welds 

Control  of  distortion  and  part 
cleanliness 

Handle  variety  of  joint 
configurations  with  increased  joint 
efficiency 

Sensors  and  feedback  to  ensure  the 
integrity  and  control  of  spot  welds 
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Challenge 

Potential   Solution 

Invention  Needed 

Machining  of  current 
and  advanced 
materials 

Dry  machining 

Tooling  to  allow  dry  machining 
High  speed  machining  and  high 
speed  spindles 

Advanced  cutting 
tools 

Tools  capable  of  longer  life  at 
higher  speeds  and  feeds 

Stamping  processes 
are  time  consuming 
to  redesign 

Rapid  tool  &  die 
fabrication 

Technologies  that  will  facilitate 
rapid  development,  validation  and 
fabrication  of  tool  and  die  designs. 

Improved  prediction  modeling  for 
part  dimension  vs.  die  design 

Stamping  processes 
are  most  cost- 
effective  for  high 
volume  parts 

Develop  low  volume 
stamping  process 

Low-cost  ahemate  sheet  metal 
forming  processes  which  emphasize 
small  production  volumes  and  rapid 
launch 

CAD  analysis  tools 
are  specialized  and 
hardware/software 
specific 

Flexible  modeling 
system  which  meets 
needs  of  different 
disciplines 

Standard  feature  definition  language 
or  format,  which  allows  creation 
and  exchange  of  information  across 
multiple  CAD  systems 

User  interfaces  which  allow  feature 
concepts  to  be  tested  in  a  variety  of 
development  activities 

Leak  detection 
methods  rely  heavily 
on  subjective  human 
evaluation;  are  often 
unable  to  identify  all 
small  leaks 

Leak  detection 
methods  or  tools 
which  can  identify 
and  locate  leaks 
which  are  an  order  of 
magnitude  smaller 
than  can  be  detected 
by  current  «.quipment 

Ultrasonic  sensors,  detectors,  and 
new  test  methodologies 

12 
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Challenge 

Potential   Solution 

Invention  Needed 

Torque  tools  and 
methods  often 
provide  inconsistent 
clamp  loads,  require 
inspection,  and  cause 
worker  injury 

Improved  torque  tools 
which  provide 
accurate  clamping 
loads,  without  causing 
ergonomic  injury 

Automated  closed  loop  feedback 
and  adjusting  mechanisms 

Ergonomic  interface  standards 

Advanced  torque  sensing  methods 
and/or  devices 

Excessive  cycle  time 
and  scrap  in 
aluminum  die  casting 

Improve  aluminum 
die  casting  efficiency 

Improved  net-shape  aluminum  die 
casting  methods 

Process  modeling  to  optimize  cycle 
time,  die  life,  etc. 

Painting  processes 
create  "bottleneck"  in 
overall  production 
process 

Improve  transfer 
efficiency 

New  paint  materials 
Improved  paint  processes 

Uniform  steel  spot 
welds 

Improve  technology 
to  reduce  the  cost  and 
improve  the  reliability 
of  spot  weld  process 

Improved  welding  processes  and 
equipment 

Improved  welder  controls 

Sensors  and  processes  to  ensure  the 
integrity  and  control  of  the  weld 

Ability  to  handle  a  variety  of  joint 
configurations  with  increased  joint 
efficiency 

Energy  Conversion 

Four-Stroke,  Direct-Injection  Engines 

Four-stroke,  direct-injection  (4SDI)  engines  are  of  interest  to  PNGV  because  of  the 
technology's  natural  extension  from  port-injection,  gasoline  engines,  which  are  widely  used  in 
the  automotive  industry.  However,  the  thermal  efficiency  of  current  gasoline  engines  is  only 
about  30  to  32  percent  peak  (about  23  percent  on  an  in-use  cycle).  Even  when  combined  with 
major  vehicle  changes  (reduced  mass  and  aerodynamic  drag),  a  substantial  improvement  in  engine 
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efficiency  will  be  necessary  to  approacii  the  goal  of  tripling  automotive  fuel  efficiency.  Direct- 
injection  diesel  (compression  ignition)  engines  have  a  higher  baseline  thermal  efficiency  (about 
40  percent  peak),  20  to  35  percent  better  fuel  efficiency,  10  to  20  percent  lower  COj  emissions, 
near-zero  evaporative  emissions,  low  cold-start  emissions,  and  demonstrated  market  acceptance 
in  Europe.  PNGV  has  specified  goals  for  the  4SDI  engine  to  increase  thermal  efficiency  and 
reduce  NO,  and  particulate  matter  emissions.  To  accomplish  these  goals,  4SDI  engines  will 
require  advances  in  technologies  such  as  accelerated  mixing  and  combustion;  fuel  injection  spray 
pattern  timing;  engine-out  and  aftertreatment  emissions;  and  co.st-effective,  high-pressure  fuel 
injection  componentry.  The  following  table  identifies  some  of  the  specific  technological 
problems  and  inventions  that  could  make  the  diesel  alternative  feasible. 


Challenge 

Potential   Solution 

Invention  Needed 

Higher  pressures  (more 

Higher  pressure. 

Redesigned  injector 

than  15,000  psi)  on 

electronically 

fuel  injectors  in  DI 

controllable  injection 

engines 

systems 

High  NO,  emissions 

Exhaust  gas  after- 

NO,  catalysts  for  lean  bum  engine, 

treatment 

such  as  zeolite 

Compact  plasma  generator  for 
electrical  after-treatment  of  gas 

Combustion  control 

Device  for  cooling  exhaust  gas 

using  exhaust  gas 

before  recirculation 

recirculation 

Means  of  providing  inert  gas 
instead  of  EGR 

High  particulate 

Particulate  trap 

Low-cost,  durable  materials  and 

emissions 

means  of  igniting  and  burning 
particulate  off  substrate 

More  complete 

Means  of  providing  more  oxygen  in 

combustion 

the  combustion  process,  improved 
mixing  process 

Improved  thermal 

Use  of  bottoming  cycle 

Simpler  bottoming  cycle  design. 

efficiency  of  the  diesel 

without  expensive  operating  fluid 

engine 

or  components 

Reduced  friction 

Improved  engine  coatings  and 

materials 
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Fuel  Cells 

Fuel  cells,  electrochemical  devices  that  convert  chemical  energy  directly  into  electrical 
energy,  are  potentially  high-efficiency  devices.  Also,  they  offer  the  likely  advantages  of  low 
emissions  and  noise  levels. 

In  a  typical  fuel  cell  system,  hydrogen  and  oxygen  (from  air)  react  to  produce  electricity. 
The  process  requires  a  hydrogen  source,  which  can  be  a  hydrogen  tank  or  a  hydrogen-containing 
fuel  and  a  reformer  to  extract  hydrogen  from  the  fiiel. 

Fuel  cells  have  been  used  for  years  in  the  space  program  because  of  their  high  efficiency 
and  reliability  in  providing  high  power.  More  lecently,  fuel  cells  have  become  commercially 
available  for  use  in  applications  such  as  on-site  power  generators,  and  are  currently  being 
demonstrated  in  an  urban  bus  environment.  Their  application  in  automobiles,  however,  is 
currently  limited  by  size,  weight,  cost,  and  fuel  availability.  In  order  for  fuel  cells  to  meet 
performance,  packaging,  and  cost  requirements  for  use  in  mass  production  automobiles,  further 
developments  are  necessary  in  the  areas  of  response  rate  and  start-up  time;  fuel  storage, 
conditioning,  and  delivery;  flexible  fuel  reformers;  integration  of  the  fuel  cell,  energy  storage 
system,  and  electric  drive  and  controls;  power  and  energy  density;  specific  power  and  energy; 
and  lighter,  smaller  ancillary  components  (pumps,  compressors,  heat  exchangers)  that  can 
improve  dynamic  response  and  handle  load  surges.  Other  complementary  technologies  such  as 
high-power  energy  storage  devices  (batteries,  flywheels,  ultracapacitors)  and  hghtweight  materials 
are  also  needed  to  enable  fuel  cell  vehicles  to  meet  the  80  mile-per-gallon  goal.  Listed  below 
are  some  inventions  that  may  improve  the  performance  and  reduce  the  costs  of  fuel  cell 
technology. 


Challenge 

Potential   Solution 

Invention  Needed 

Need  higher  power 
density  for  polymer 
electrolyte  fuel  cells 

Improve  the 
conductivity  of  the 
polymer  membrane 

High-conductivity,  low-cost,  stable 
membrane  optimized  for  fuel  cell 
operation 

Reduce  the  weight 
of  the  components 
and  subsystems 

Thinner  (lighter-weight)  bipolar 
plates 

Improve  electrode 
performance 

Highly  dispersed  alloy  catalyst, 
optimized  carbon  supports,  and  thin 
film  electrodes  with  uniform 
current  distribution 
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Challenge 

Potential   Solution 

Invention  Needed 

Need  to  reduce  the  cost 

Replace  expensive, 

Substitute  coated  metal  or  carbon 

of  current  fuel  cell 

machined  graphite 

composite  materials  for  the  plates; 

designs 

parts  and  expensive 

lower  cost  membranes;  better 

membranes 

utilization  of  catalysts;  low-cost 
bipolar  plate  designs;  low-cost 
fabrication  methods 

Fuel  crossover  in  direct- 

Electrolyte 

Low-temperature,  ceramic 

methanol  fiiel  cell 

impermeable  to 

electrolyte 

designs 

methanol 

High-temperature,  polymer 
electrolyte 

Low  power  density  in 

Improve  methanol 

Oxygen-ion  conducting,  450°C 

direct-methanol  fuel  cell 

oxidation  kinetics 

ceramic  electrolyte 

designs 

Turbines 

Turbines  are  of  interest  to  PNGV  because  of  their  high  power  density,  high  reliability,  low 
emissions,  and  abiUty  to  run  on  a  variety  of  fuels.  Turbines  are  used  extensively  as  auxiliary 
mobile  power-units;  however,  their  efficiencies  for  low-power  applications  (such  as  those  required 
for  PNGV)  are  inadequate.  To  overcome  this  drawback,  government-funded  research  is  oriented 
toward  high-temperature  turbines  that  will  achieve  thermal  efficiencies  near  40  percent.  This 
effort  focuses  on  the  use  of  ceramics  that  can  withstand  high  temperatures  (2500°F).  To  be 
successful  in  PNGV,  high-temperature  turbines  will  have  to  overcome  several  problems  related 
to  cost,  structural  ceramics,  emission  control,  heat  recovery,  and  insulation.  The  following  are 
some  inventions  that  could  make  the  turbine  attractive  as  the  main  power  unit  for  PNGV. 
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Challenge 

Potential   Solution 

Invention  Needed 

High  temperatures 

Low-friction,  low-wear 

New  seal  coating 

(typically  1800°F)  at 

interface  between 

compositions  and  deposition 

regenerator  core  seals 

regenerator  core  and  seals 

processes 

Leakage  past  compressor 

Active  tip  clearance 

High-temperature,  high- 

and  turbine  blade  tips 

control  that  reduces  gap 

resolution  blade  tip  sensor 

between  blades  and  casing 

for  active  feedback  control  of 
blade  track  position 

Durable,  high-temperature 
coatings 

Joining  metal  and  ceramic 

Compliant  layer/glue 

High-temperature  elastomer 

components  that  operate 

that  remains  compliant  at 

at  temperatures  from  room 

temperatures  up  to  600°F 

temperature  up  to  600°F 

Attachment  of  metal  and 

Compliant  pads/layers  that 

Non-elastomer  based 

ceramic  components  that 

accommodate  differential 

springs/pads  capable  of 

operate  at  elevated 

expansion  of  components 

operating  at  elevated 

temperatures  (e.g., 

temperatures 

ceramic  rings/raceways 

attached  to  metallic 

shafts) 

Oxidation  of  graphite 

Addition  of  stabilizers 

Development  of  high- 

components  (e.g.,  seals)  at 

temperature  graphite 

elevated  temperatures 

protection  systems  that  can 
operate  at  temperatures  in 
excess  of  1200°F 

Ceramic  recuperator 

Low-cost,  light-weight. 

Manufacturing  process  with 

efficient  recuperator 

improved  yield  for 
production  of  ceramics 

High-temperature 

Cost-effective 

Efficient,  high-volume 

materials 

manufacturing  of  highly 
reliable  ceramic 

fabrication  processes 

7^ 

components 

High-toughness  ceramic 
materials 
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Energy  Storage  Devices 

In  today's  cars,  energy  dissipated  during  braking  can  account  for  a  significant  portion  of 
vehicle  energy  losses;  much  of  this  braking  energy  can  be  recovered  with  a  regenerative  braking 
system  in  which  kinetic  energy  is  recovered  and  stored  for  later  use.  In  addition,  a  considerable 
amount  of  energy  is  lost  during  either  deceleration  or  idling,  which  could  also  be  stored  for  later 
use.  Energy  storage  devices  such  as  high-power  batteries,  ultracapacitors,  and  flywheels  also 
allow  the  primary  power  source  to  run  at  more  nearly  optimum  conditions  where  their 
efficiencies  are  greatest.  Consequently,  high-power  energy  storage  devices  that  are  lightweight 
and  compact  are  essential  to  implementing  a  hybrid  propulsion  system  with  high  fiiel  economy. 
To  meet  PNGV's  goals,  the  energy  storage  device  should  store  and  release  energy  at  high  power 
levels  with  a  round-trip  efficiency  of  90  percent  or  more. 

Currently,  cost  is  a  major  barrier  for  all  energy  storage  technologies.  High-power 
electrochemical  battery  technology  must  improve  power  performance,  enhance  durability,  and 
reduce  costs  to  become  commercially  acceptable.  Ultracapacitors  have  high  specific  power  and 
high  charge/discharge  energy  efficiency,  but  need  improvements  in  materials  (such  as 
carbon/metal  fiber  composites,  monolith  foamed  carbon,  foamed  carbon  with  binder,  doped 
polymer  layers  on  carbon  paper,  and  mixed  metal  oxides  (ceramic)  on  metal  foil)  to  improve  their 
low  specific  energy  and  to  reduce  costs. 

Flywheel  systems  have  demonstrated  suitable  specific  energy  and  power  in  commercial 
transit  buses,  but  require  simplification  of  the  subsystems  to  reduce  overall  costs  for  the  energy 
stored.  Further  R&D  offers  the  potential  to  reduce  material  costs,  provide  lightweight 
containment,  and  simplify  overall  system  integration.  Potential  technological  solutions  include 
improved  processing  and  production  of  high-performance  fibers,  wet  filament  winding,  in-situ 
or  rapid  curing,  and  multi-layer  containment  shielding  based  on  low-cost  metal  matrix  and 
polymer  composites. 


Challenge 

Potential  Solution 

Invention  Needed 

Current  batteries  have 

Develop  cost- 

Thin  (0.5  mm  thick),  stable,  high- 

power  densities  that  are 

effective,  high- 

strength,  low-resistance,  fiber-based 

too  low  and  costs  that 

power,  bipolar 

separators  for  lithium/iron  disulfide 

are  too  high 

batteries,  e.g., 
lithium/iron 

bipolar  batteries 

disulfide 

Corrosion-resistant,  high-conductivity, 
bipolar  plate  material  for  bipolar  lead- 
acid  batteries 
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Challenge 

Potential   Solution 

Invention  Needed 

Ultracapacitors  have 
low  energy  densities 

Use  advanced 
materials  to 
increase  charge 
storage  capability 

Carbon/metal  fiber  composites 

Foamed  carbon  structures 

Mixed  metal  oxides  on  metal  foils 

Flywheels  have  low 
efficiency 

Low-loss  bearings 

Inexpensive  actively  controlled 
magnetic  bearings 

Inexpensive,  no- 
leakage  vacuum 
bottle 

High -efficiency, 
low-cost,  high- 
speed motor 
generator 

Flywheels  require 
strong,  lightweight 
shielding 

1 

Multi-layer 

containment 

shielding 

Low-cost  metal  matrix,  titanium, 
and/or  polymer  composites 

Improved  structural  integrity  (of 
flywheel) 

Efficient  Electrical  Systems 

Efficient  electrical  systems  are  important  to  PNGV  because  they  not  only  improve  vehicle 
performance  through  fast  control  responses,  but  also  improve  vehicle  fuel  economy  through 
battery  charging,  electric  steering  assist,  active  suspension,  variable-speed  compressors  for  air 
conditioning,  and  electric  propulsion,  along  with  regenerative  braking.  The  efficiency  of  the 
electrical  systems  in  today's  vehicles  could  be  improved  through  reduced  energy  losses  in  the 
many  electrical  accessories,  as  well  as  through  integration  of  the  other  emerging  technologies  that 
manage  and  control  high-power  components  and  provide  rapid,  bi-directional  energy  flow  among 
these  components. 

Continuing  advances  in  power  electronics,  motor  design,  motor  controllers,  and  permanent 
magnets  have  made  possible  the  development  of  alternating-current  (ac)  powertrains.  However, 
many  additional  advances  are  needed  in  order  to  reduce  the  present  high  cost,  increase  the 
specific  power,  improve  the  efficiency,  and  reduce  the  weight  of  the  system.  Optimization  of 
several  components  in  the  system  can  help  improve  performance  and  reduce  the  cost  of  the 
technology.    Some  of  these  invention  needs  are  highlighted  below. 
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Challenge 

Potential   Solution 

Invention  Needed 

Electric  drivetrain  energy 
losses,  cost,  and  weight 
are  too  high 

More  efficient  power 
conductors 

More  cost-effective, 
efficient  power 
conductors 

More  efficient  and  compact 
electric  drive  motors  and 
actuators 

Improved  low-cost 
magnetic  materials 

High  power  density 
electronics  for  power 
conditioning  and  control 

Low-cost,  high-power 
semiconductor  devices 

Energy  losses  in  vehicle 
accessory  systems  are  too 
high 

Reduce  climate  control 
load 

Electrochromic  windows 

More  efficient  fractional 
horsepower  electric  drive 
motors  and  actuators 

Improved  low-cost 
magnetic  materials 

Reduce  climate  control 
energy  requirements 

Reliable,  high-efficiency, 
electric  air  conditioning 
system 
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HOW  TO  PARTICIPATE 

Participation  in  PNGV  is  open  to  all  interested  individuals  and  organizations  that  can  make 
relevant  and  potentially  important  contributions  toward  the  attainment  of  its  established 
objectives.  Qualified  individuals  and  organizations  can  submit  proposals  to  receive  government 
funds  to  pursue  promising  research  and  development  work  on  PNGV-related  technologies. 

The  auto  partners  and  the  government  have  historically  maintained  a  strong  foundation  of 
affiliation  with  other  developers  and  suppliers  of  technology,  including  the  supplier  community, 
universities,  small  businesses,  and  individuals.  Consistent  with  this  heritage,  PNGV  is  intent 
upon  using  the  best  ideas,  concepts,  technologies,  and  systems  available  within  this  wider 
community  to  meet  its  goals. 

Bringing  the  users  and  suppliers  of  technology  together  into  stable,  long-term  relationships 
can  be  an  effective  means  to  alleviate  the  high  costs  and  risks  associated  with  moving  a  new 
technology  into  the  marketplace.  To  encourage  this  type  of  relationship,  members  of  the 
Partnership  are  already  participating  in  public  meetings,  workshops,  symposia,  and  conferences 
to  disseminate  information  about  PNGV  and  its  technical  needs. 

PNGV-Related  Government  Funding 

Government  funds  are  available  through  existing  programs  within  the  eight  participating 
Federal  agencies.  Each  program,  however,  is  empowered  to  award  research  funds  to  different 
types  of  organizations  and  for  different  types  of  projects  and  research  topics.  In  addition,  the 
programs  employ  different  types  of  funding  mechanisms.  Interested  parties  should  familiarize 
themselves  with  the  programs,  basic  policies,  solicitation  information,  and  funding  mechanisms 
which  are  summarized  in  the  following  pages.  Selection  of  the  most  appropriate  program  and 
funding  mechanism  for  a  particular  project  will  depend  upon  the  type  of  applicant,  the  area  or 
topic  of  research,  and  the  solicitation  topics  that  are  currently  active  within  each  program. 

Government  R&D  Funding  Programs 

Within  the  eight  participating  government  agencies,  the  following  programs  provide  support 
for  PNGV-related  research: 

•  Advanced  Technology  Program  (ATP)  under  the  National  Institute  of  Science  and 
Technology  (NIST),  U.S.  Department  of  Commerce  (DOC) 

•  Broad  Agency  Announcement  (BAA)  under  the  U.S.  Army  Tank  Automotive  Command 
(TACOM),  U.S.  Department  of  Defense  (DOD) 

•  Energy-Related  Inventions  Program  (ERIP)  under  the  National  Institute  of  Science  and 
Technology,  U.S.  Department  of  Commerce,  U.S.  Department  of  Energy  (DOE) 
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•  Program  Research  and  Development  Announcement  (PRDA)  under  the  U.S.  Department 
of  Energy 

•  Small  Business  Innovation  Research  (SBIR)  programs  under  the  Departments  of 
Commerce,  Defense,  Energy,  Transportation  (DOT),  Environmental  Protection  Agency 
(EPA),  National  Aeronautics  and  Space  Administration  (NASA),  and  the  National  Science 
Foundation  (NSF) 

•  Small  Business  Technology  Transfer  (STTR)  under  the  U.S.  Department  of  Energy,  U.S. 
Department  of  Defense,  National  Science  Foundation,  and  National  Aeronautics  and  Space 
Administration 

•  Technology  Reinvestment  Project  (TRP)  under  the  Advanced  Research  Projects  Agency 
(ARPA)  of  the  U.S.  Department  of  Defense 

The  following  table  indicates  the  types  of  entities  eligible  to  participate  through  the  various 
programs  and  mechanisms.  As  used  in  this  document,  the  term  "independent  inventor"  means 
an  individual  who  has  not  previously  set  up  a  for-profit  business,  which  would  instead  come 
under  the  heading  of  a  small  business. 

Participant  Eligibility  for  PNGV-Related  Programs  and  Funding  Mechanisms 


Program 

Large 
Business 

Smail 
Business 

Researcii 
Institution 

Independent 
Inventor 

ATP  (NIST/DOQ 

Y 

Y 

N" 

Y 

BAA  (TACOM/DOD) 

Y 

Y 

Y 

N 

ERIP  (NIST/DOE) 

Y 

Y 

Y 

Y 

PRDA  (DOE) 

Y 

Y 

Y 

N 

SBIR  (DOC,  DOD,  DOE.  DOT, 
EPA,  NASA,  NSF) 

N 

Y 

N 

N 

STTR  (DOE,  DOD,  NSF, 
NASA) 

N 

Y 

Y 

N 

TRP  (DOD/ ARPA) 

Y 

Y 

Y 

N 

Mechanism 

CRADAs  (all) 

Y 

Y 

Y 

Y 

Direct  Contracts,  Grants, 

Y 

Y 

Y 

Y 

*   only  as  secondary  team  member 

**  except  as  part  of  an  otherwise  qualified  joint  venture 
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Each  of  the  government  programs  and  technology  support  mechanisms  hsted  in  the  table 
are  explained  briefly  below.  The  chapter  "Active  or  Typical  Solicitation  Topics"  provides  a  list 
of  the  current  solicitation  topics  for  each  of  these  programs. 

Advanced  Technology  Program  (ATP)  An  idea  classified  as  high  risk  on  the  technical  issues, 
but  low  risk  on  commercial  viability,  may  be  a  candidate  for  handing  by  the  U.S.  Department  of 
Commerce's  Advanced  Technology  Program.  ATP  is  administered  by  the  National  Institute  of 
Standards  and  Technology.  The  projects  selected  for  ATP  funding  have  a  relatively  high 
technical  risk,  a  long  time  horizon,  and  the  potential  for  a  broad-based  economic  impact. 

ATP  sponsors  two  types  of  awards.  The  first  type  is  for  general  competition  and  accepts 
proposals  on  any  subject.  A  second  type  is.  for  proposals  responding  to  a  set  of  'focus'  topics 
defined  by  NIST  in  response  to  white  papers  submitted  by  industry. 

Broad  Agency  Announcement  (BAA)  The  BAA  is  a  funding  activity  administered  through  the 
Department  of  Defense  Tank  Automotive  Command  which  is  designed  to  award  funds  for 
advanced  automotive  technology  development  for  ground  vehicles  where  private  research  and 
development  could  be  modified  or  augmented  to  satisfy  future  military  vehicle  needs,  while  still 
retaining  a  commercial  value.  This  announcement  is  seeking  collaborative  advanced  development 
of  subsystems  and  components.  Special  emphasis  will  be  directed  towards  improvements  in 
vehicle/system  performance,  durability,  maintenance;  and  reduction  in  vehicle  weight  and 
operation  and  support  costs. 

Energy-Related  Inventions  Program  (ERIP)  Of  particular  interest  to  small  businesses  and 
individual  inventors  is  the  Energy-Related  Inventions  Program  administered  by  the  Department 
of  Commerce  and  the  Department  of  Energy.  The  goal  of  ERIP  is  to  stimulate  economic  benefits 
from  the  introduction  of  new,  non-nuclear  energy  technologies  developed  by  individual  inventors 
and  small  companies.  ERIP  provides  free  technical  and  confidential  evaluations  of  the 
inventions,  furnishes  financial  and  technical  assistance  and  market  intelligence  to  help  develop 
promising  energy-related  inventions,  and  establishes  a  public-private  partnership  to  speed 
commercialization  of  new  technologies. 

Program  Research  and  Development  Announcement  (PRDA)    The  Program  Research  and 

Development  Announcement  is  intended  by  the  Department  of  Energy  to  be  an  occasional  avenue 
for  funding  pre-competitive  research  on  specific  energy  topics.  No  restrictions  are  placed  on  the 
makeup  of  the  technical  team,  and  teaming  between  large  and  small  businesses  and  research 
institutions  is  encouraged.  No  preproposal  white  papers  are  expected  or  requested.  The  program 
requires  cost-sharing,  but  the  government's  share  can  be  up  to  80  percent.  Award  amounts  are 
expected  to  range  from  $400K  to  $1  million. 

Small  Business  Innovation  Research  (SBIR)  The  Small  Business  Innovation  Research  program 
is  designed  to  stimulate  and  foster  scientific  and  technological  innovation  in  the  private  sector, 
strengthen  the  role  of  small  businesses  in  meeting  Federal  research  and  development  needs,  and 
increase  the  commercial  application  of  innovations  derived  from  Federally  funded  research.  The 
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SBIR  has  established  a  phased,  uniform  process  for  soliciting  proposals  and  awarding  funding 
agreements  for  R&D  on  a  competitive  basis. 

SBIR  defines  a  small  business  as  a  for-profit  enterprise  operating  in  the  United  States  with 
majority  domestic  ownership  and  not  having  more  than  500  employees.  SBIR  awards  are  firm- 
fixed-price  contracts  not  to  exceed  $50K  to  $100K  under  Phase  I,  the  amount  depending  upon 
the  agency.  Follow-on  awards  (Phase  II)  with  upper  limits  of  $500K  to  $750K  (depending  on 
the  agency)  are  available  if  project  performance  warrants.  Any  additional  capital  needed  to 
commercialize  a  product  must  thereafter  come  from  the  private  capital  markets  or  other  Federal 
support.  University  involvement  in  SBIR  projects,  while  common,  tends  to  be  in  a  minor 
consulting  or  subcontracting  role. 

The  government  agencies  participating  in  the  SBIR  program  are  the  Department  of 
Commerce/National  Institute  of  Standards  and  Technology,  Department  of  Defense/Tank 
Automotive  Command,  Department  of  Energy,  National  Aeronautics  and  Space  Administration, 
National  Science  Foundation,  and  the  Environmental  Protection  Agency.  The  following  table 
shows  the  Federal  agency  or  agencies  responsible  for  PNGV  technology  areas  under  the  SBIR 
program.  Recall  that,  in  addition,  SBIR  solicitations  have  focus  topics  that  must  be  addressed 
specifically  by  your  proposal. 


Responsibilities  by  Technology  Area  of  Agencies  Participating  in  the  SBIR  Program 


PNGV  Technology  Areas 

SBIR  Responsibility 

Advanced  Lightweight  Materials  &  Structures 

NIST 
DOE 
DOD 
NSF 
NASA 

Energy  Conversion 

DOE 
DOD/ARPA 

NASA 

Energy  Storage  Devices 

DOE 
DOD/ARPA 

Efficient  Electrical  Systems 

NIST 
DOD/ARPA 

Advanced  Manufacturing 

NIST 

DOE 

DOD/ARPA 

Waste  Heat  Recovery 

DOD/ARPA 

Advanced  Analysis  and  Design  Methods 

NIST 

Reduction  of  Mechanical  Losses 

NIST 
SNF 
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PNGV  Technology  Areas 

SBIR  ResponsibiUty 

Aerodynamics/Rolling  Resistance  Improvements 

NASA 

Improved  Efficiency  or  Internal  Combustion  Engines 
(Combustion  Management) 

DOD/ARPA 

DOD/TACOM 

EPA 

Emissions  Control 

EPA 

Fuel  Preparation,  Delivery,  and  Storage 

DOE 

Hotel  Loads 

DOD/ARPA 

Advanced  Crashworthiness  or  Occupant  Protection  Technology 

DOT 

Small  Business  Technology  Transfer  (STTR)  The  Small  Business  Technology  Transfer  pilot 
program  is  closely  modeled  on  the  SBIR  with  an  additional  requirement  of  co-participation  by 
a  research  institution  such  as  a  university,  non-profit  institute,  or  a  contractor-operated  Federally 
fiinded  research  and  development  center  (FFRDC).  Objectives  of  this  program  include  increasing 
private  sector  commercialization  of  technology  developed  through  government-supported  R&D, 
stimulating  technological  innovation  in  the  private  sector,  and  improving  the  return  on  investment 
from  Federally  funded  research  for  economic  and  social  benefits  to  the  Nation. 

Under  the  STTR  Program,  researchers  at  universities  or  other  research  institutions  are 
encouraged  to  play  a  significant  intellectual  role  in  the  conduct  of  cooperative  research  with  a 
small  business.  Not  less  than  40  percent  of  the  work  conducted  under  an  STTR  award  must  be 
performed  by  the  small  business  concern,  and  not  less  than  30  percent  of  the  work  must  be 
performed  by  the  non-profit  research  institution.  The  STTR  awards,  like  SBIRs,  are  fixed-price 
contracts  of  approximately  $100K  under  Phase  I,  rising  to  about  $500K  in  Phase  II,  given 
continued  successful  program  performance. 

Technology  Reinvestment  Project  (TRP)  The  Technology  Reinvestment  Project  focuses  on 
technology  that  has  applications  in  both  the  U.S.  defense  arena  and  the  commercial  sector.  TRP 
is  a  multi-agency,  dual-use  technology  investment  effort  that  includes  the  Departments  of  Defense 
(represented  by  the  Advanced  Research  Projects  Agency  and  the  three  Military  Departments), 
Commerce,  Energy,  and  Transportation;  the  National  Science  Foundation;  and  the  National 
Aeronautics  and  Space  Administration.  The  projects  stimulate  the  transition  to  a  growing, 
integrated,  national  technological  capability  that  provides  the  most  advanced,  affordable  military 
systems  and  the  most  competitive  commercial  products.  All  TRP  Programs  have  common 
requirements,  including  specified  minimum  participation  levels  with  an  emphasis  on 
"partnerships,"  cost-sharing  between  participants  and  the  Federal  Government,  and  defense 
relevance. 
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Policies 

Participation  of  Non-US.  Organizations 

Because  PNGV  is  a  partnership  with  U.S.  domestic  companies  and  makes  use  of  some 
research  results,  faciUties,  and  expertise  that  were  originally  supported  by  U.S.  taxpayers  for 
national  security  purposes,  non-U.S.  suppliers  and  research  entities  generally  may  participate  in 
government-funded  PNGV  activities  only  as  sub-contractors  or  minority  partners  with  a  U.S. 
entity.  One  exception  to  this  rule  allows  a  U.S.  corporation  owned  by  a  foreign  company  to 
receive  research  funding  through  the  Advanced  Technology  Program  if  certain  criteria  are  met. 

Intellectual  Property  Considerations 

The  U.S.  government  recognizes  that  inventors  are  naturally  concerned  about  the  ownership 
of  intellectual  property  rights  to  inventions  and  data  developed  through  cooperative  R&D.  The 
government  has  therefore  taken  steps  to  clarify  and  safeguard  the  inventor's  rights  insofar  as 
possible.  These  rights  are  subject  to  various  regulations,  however,  according  to  the  nature  of  the 
funding  program  and  mechanism  employed.  The  intellectual  property  rights  of  organizations  and 
individuals  contracting  with  the  Federal  government  are  briefly  summarized  by  program  in  the 
following  chapter. 

Solicitations 

Since  many  of  the  government's  technology  funding  programs  accept  proposals  only  on 
those  topics  covered  by  active  solicitations,  it  is  important  to  be  aware  of  the  current  solicitation 
topics.  Announcements  of  funding  programs  and  solicitations  are  published  in  the  Commerce 
Business  Daily,  in  popular  technical  publications  such  as  NASA  Tech  Briefs,  and  in  some 
technical  journals.  Synopsis  of  PNGV-relevant  solicitations  will  also  be  posted  on  the  PNGV 
electronic  Bulletin  Board  on  the  Internet  root  gopher  server  cypher.esusda.gov  [under  the 
selection  'Americans  Communicating  Electronically  (ACE),'  choose  'National  Policy  Issues,'  then 
'Partnership  for  a  New  Generation  of  Vehicles.'] 

Many  of  the  "inventions  needed"  technologies  identified  in  this  document  may  not  be 
supported  by  an  active  solicitation  at  any  given  time,  but  these  topics  may  be  addressed  by  future 
solicitations,  especially  in  response  to  white  papers  submitted  by  innovative  organizations  and 
individuals. 

The  chapter  "Active  or  Typical  Solicitation  Topics"  provides  a  list  of  the  current  solicitation 
topics  for  each  of  the  government  programs.  Objectives,  timelines,  and  contact  information  are 
also  provided. 
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Funding  Mechanisms 

Innovators  can  gain  support  for  technology  development  through  the  above  programs  using  a 
variety  of  mechanisms,  including  contracts,  subcontracts,  grants,  and  cooperative  agreements. 

Grants  and/or  Cooperative  Agreements  Cooperative  agreements,  like  CRADAs,  allow  joint 
pursuit  of  a  common  objective  by  government  and  industry,  but  in  this  case  some  government 
funding  can  be  provided.    Different  regulations  also  apply  to  cooperative  agreements. 

Contracts  The  federal  agencies  issue  thousands  of  procurement  contracts  each  year  in  support 
of  their  day-to-day  operations  and  agency-specific  technical  programs.  These  contracting 
opportunities  are  advertised  in  the  Commerce  Business  Daily.  Cold  submittals  for  these  contracts 
by  individuals  or  companies  unknown  to  the  government  contracting  officers  are  unlikely  to  be 
successful.  Your  company  should  introduce  itself  to  the  relevant  contracting  office  long  before 
the  specific  contract  you  want  comes  up  for  bid. 

Cooperative  Research 

Cooperative  Research  and  Development  Agreements  (CRADAs)  These  agreements  are 
mechanisms  through  which  industrial  partners  can  join  Federal  laboratories  in  a  cooperative, 
50/50  cost-shared  research  effort  to  pursue  a  project  with  mutual  benefit.  The  laboratories  are 
able  to  contribute  personnel,  equipment,  and  resources  to  the  effort,  but  are  specifically  excluded 
from  providing  funds  directly  to  an  industrial  partner. 
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Further  Help 

To  avoid  confusion  as  a  result  of  this  variety  of  programs,  the  Government  PNGV 
Secretariat  will  provide  advice  to  applicants  on  government  funding  policy  and  support  for 
PNGV.   Direct  your  inquiries  to: 

Government  PNGV  Secretariat 

U.S.  Department  of  Commerce 

Herbert  Clark  Hoover  Building,  Room  7064 

14th  Street  and  Constitution  Avenue,  N.W^ 

Washington,  DC  20230 

Phone:  (202)  482-6260 

Fax:  (202)  482-6275 

Each  agency  will  continue  to  conduct  its  own  program  awards.   Therefore,  PLEASE  DO  NOT 
SEND  PROPOSALS  TO  THE  SECRETARIAT. 
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INTELLECTUAL     PROPERTY     CONSIDERATIONS     IN     THE     PNGV 
PROGRAM 

Given  PNGV's  unique  nature,  issues  may  arise  as  to  ownership  of  Intellectual  Property  (IP) 
created  during  performance  of  work  using  government  assistance.  The  following  is  a  general 
summary  of  intellectual  property  rights  for  the  different  funding  mechanisms  used  for  PNGV- 
related  research  and  development.  More  detailed  information  can  be  found  in  each  of  the 
program  solicitations.  Should  there  be  any  discrepancy  between  this  summary  and  the  text  of 
the  solicitation,  the  policies  of  each  solicitation  should  be  followed.  Generally,  title  to  inventions 
rights  and  technical  data  are  governed  by  the  Bayh-Dole  Act  (found  in  35  U.S.C),  which 
normally  vests  the  title  with  the  industry  participant  in  order  to  promote  maximum 
commercialization  and  utilization  of  Federally  supported  research  and  development  by  U.S. 
industry  and  labor.  However,  some  of  the  funding  mechanisms  employed  by  PNGV  are  not 
necessarily  governed  by  the  Bayh-Dole  Act.  In  those  instances,  there  is  some  flexibility  in 
negotiating  IP  rights  for  those  that  do  not  fall  under  35  U.S.C. 

Summary  of  Rights  by  Program 

Federal  agencies  participating  in  the  venture  include  the  Department  of  Commerce/National 
Institute  of  Standards  and  Technology,  the  Department  of  Energy,  the  Department  of  Defense 
(TACOM,  ARPA,  ARO,  AFOSR,  ONR,  and  BMDO),  the  Department  of  Transportation,  the 
National  Aeronautics  and  Space  Administration,  the  National  Science  Foundation,  and  the 
Environmental  Protection  Agency.  The  rules  governing  intellectual  property  rights  vary  from 
program  to  program  with  the  different  types  of  support  mechanisms  employed. 

Advanced  Technology  Program  (ATP) 

Under  this  program,  the  award  funding  instrument  used  is  a  cooperative  agreement.  Title 
to  inventions  arising  from  assistance  provided  by  the  Program  remain  with  the  for-profit  company 
or  companies  incorporated  in  the  United  States.  For  joint  ventures  involving  a  university,  Federal 
laboratory,  or  non-profit  independent  research  organization,  only  for-profit  companies  may  retain 
title  to  patents  resulting  from  ATP -sponsored  R&D,  although  the  non-profit  entity  may  receive 
compensation.  The  government  reserves  a  non-exclusive,  non-transferable,  irrevocable  paid-up 
license  to  practice  the  invention  or  have  it  practiced  for  or  on  behalf  of  the  United  States,  but  will 
not  publicly  disclose  any  proprietary  information  related  to  the  license.  A  company  may  license 
to  others  the  intellectual  property  rights  arising  from  assistance  provided  under  this  program. 

Rights  in  technical  data,  including  software  shall  remain  with  the  contractor,  except  that  the 
government  shall  have  the  unlimited  right  to  use  such  data  for  government  purposes.  Proprietary 
data  will  not  be  released  outside  of  the  government  without  the  permission  of  the  contractor. 
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Energy  Related  Inventions  Program  (ERJP) 

ERIP  support  is  provided  in  the  form  of  grants.  Titles  to  inventions  arising  from  assistance 
provided  by  ERIP  remain  with  the  company  or  companies  incorporated  in  the  United  States.  The 
government  reserves  a  non-exclusive,  non-transferable,  irrevocable  paid-up  license  to  practice  the 
invention  or  have  it  practiced  for  or  on  behalf  of  the  United  States,  but  will  not  publicly  disclose 
any  proprietary  information  related  to  the  license. 

Rights  in  technical  data,  including  software  shall  remain  with  the  contractor  except  the 
government  shall  have  the  unlimited  right  to  use  such  data  for  government  purposes. 

Program  Research  and  Development  Announcement  (PRDA) 

Program  Research  and  Development  assistance  is  provided  through  direct  contracts.  The 
contractual  requirements  are  governed  by  the  Federal  Acquisitions  Regulations.  Therefore,  with 
regard  to  intellectual  property  rights,  title  to  inventions  arising  from  assistance  provided  by  the 
Program  remain  with  the  for-profit  contractor.  The  government  reserves  a  non-exclusive,  non- 
transferable, irrevocable,  paid-up  license  to  practice  the  invention  or  have  it  practiced  for  or  on 
behalf  of  the  United  States,  but  will  not  publicly  disclose  any  proprietary  information  related  to 
the  license.  A  company  may  license  to  others  the  intellectual  property  rights  arising  from 
assistance  provided  under  this  program. 

Rights  in  technical  data,  including  software,  shall  remain  with  the  contractor,  except  that 
the  government  shall  have  the  unlimited  right  to  use  such  data  for  government  purposes. 
Proprietary  data  will  not  be  released  outside  of  the  government  without  the  permission  of  the 
contractor. 

Small  Business  Innovation  Research  (SBIR) 

SBIR  funding  is  awarded  through  contracts,  grants,  or  cooperative  agreements,  which  are 
subject  to  the  Federal  Acquisitions  Regulations  (48  C.F.R.).  Small  businesses  normally  may 
retain  the  principal  worldwide  patent  rights  to  any  invention  made  with  an  agency's  support.  In 
return,  the  Federal  government  receives  a  royalty-free  license  for  Federal  government  use  and 
requires  that  anyone  exclusively  licensed  to  sell  the  invention  in  the  United  States  must  normally 
manufacture  it  domestically.  To  the  extent  authorized  by  35  U.S.C.  205,  the  agencies  will  not 
make  public  any  information  disclosing  an  agency-supported  invention  for  a  four-year  period. 

Rights  in  technical  data,  including  software,  shall  remain  with  the  contractor,  except  that 
the  government  shall  have  the  limited  right  to  use  such  data  for  government  purposes  and  shall 
not  release  such  data  outside  of  the  government  without  the  permission  of  the  contractor  for  a 
period  of  four  years  from  completion  of  the  project  from  which  the  data  was  generated,  unless 
the  data  has  already  been  released  to  the  general  public.  However,  at  the  end  of  the  four-year 
period,  the  government  shall  retain  a  royalty-free  license  for  government  use  of  any  technical  data 
delivered  under  the  contract. 
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Small  Business  Technology  Transfer  Program  (STTR) 

STTR  funding  is  awarded  through  negotiated  contracts  similar  to  those  awarded  by  the 
SBIR  programs,  with  the  exception  of  those  cases  in  which  a  research  institution  is  a  partner. 

Small  businesses  usually  retain  the  principal  worldwide  patent  rights  to  any  invention  made 
with  an  agency's  support.  In  return,  the  Federal  government  receives  a  royalty-free  license  for 
Federal  government  use  and  requires  that  anyone  exclusively  licensed  to  sell  the  invention  in  the 
United  States  must  normally  manufacture  it  domestically.  To  the  extent  authorized  by  35  U.S.C. 
205,  the  agencies  will  not  make  public  any  information  disclosing  an  agency-supported  invention 
for  a  four-year  period.  Due  to  the  requirement  that  small  businesses  team  up  with  a  research 
institution,  the  small  business  must  negotiate  a  written  agreement  between  the  small  business  and 
the  research  institution  allocating  intellectual  property  rights  before  submitting  an  STTR  proposal. 

Rights  in  technical  data,  including  software,  shall  remain  with  the  contractor,  except  that 
the  government  shall  have  the  limited  right  to  use  such  data  for  government  purposes  and  shall 
not  release  such  data  outside  of  the  government  without  the  permission  of  the  contractor  for  a 
period  of  four  years  from  completion  of  the  project  from  which  the  data  was  generated,  unless 
the  data  has  already  been  released  to  the  general  public.  However,  at  the  end  of  the  four-year 
period,  the  government  shall  retain  a  royalty-free,  government-use  license  to  any  technical  data. 

Technology  Reinvestment  Program  (TRP) 

Funding  of  TRP  projects  is  arranged  through  cooperative  agreements,  grants,  or  "other 
transactions."  Since  TRP  is  not  a  procurement,  they  do  not  fall  under  the  rules,  regulations,  and 
procedures  of  the  Federal  Acquisition  Regulations  (FAR).  Therefore,  TRP  has  flexibility  in  how 
to  structure  agreement  benefits.  However,  the  SBIR  Program  of  the  TRP  does  use  contracts, 
which  are  dictated  by  FAR. 

Rights  to  intellectual  property  and  technical  data  are  flexible  and  are  negotiated  on  a  case- 
by-case  basis.  Normally,  title  to  inventions  arising  from  assistance  provided  by  the  TRP  remain 
with  the  company  or  companies  incorporated  in  the  United  States.  The  government  reserves  a 
non-exclusive,  non-transferable,  irrevocable,  paid-up  license  to  practice  the  invention  or  have  it 
practiced  for  or  on  behalf  of  the  United  States,  but  will  not  publicly  disclose  any  proprietary 
information  related  to  the  license.  A  company  may  license  to  others  the  intellectual  property 
rights  arising  from  assistance  provided  under  this  program. 

Normally,  rights  to  technical  data,  including  software,  shall  remain  with  the  contractor, 
except  that  the  government  shall  have  the  unlimited  right  to  use  such  data  for  government 
purposes. 
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Intellectual  Property  Rights  of  CRADAs 


Cooperative  Research  and  Development  Agreements  (CRADAs) 

CRADAs  were  authorized  by  the  Stevenson-Wydler  Technology  Innovation  Act  of  1980, 
as  amended,  which  gave  the  Federal  government  and  its  industry  partner  more  freedom  to  tailor 
IP  rights  and  relieve  them  from  the  rules  and  regulations  of  the  Federal  Acquisition  Regulations. 
Due  to  the  flexibility  in  negotiating  IP  rights,  each  CRADA  is  handled  on  a  case  by  case  basis. 

For  PNGV-related  CRADAs  with  the  DOE  National  Laboratories,  the  Department  of  Energy 
has  a  master  CRADA  which  sets  forth  the  guidelines  concerning  intellectual  property.  To  briefly 
summarize,  the  party  that  makes  the  invention  gets  first  rights  to  the  title.  If  they  elect  not  to 
retain  title,  then  the  other  party  may  retain  the  title  to  the  invention.  If  neither  party  chooses  to 
retain  the  title,  then  the  Department  of  Energy  would  take  title  of  the  invention.  With  regard  to 
licensing,  each  party  grants  to  the  other  party  a  paid-up,  non-exclusive,  world-wide  license  to 
practice  the  invention  and  the  Government  receives  a  paid-up,  non-exclusive,  non-transferrable, 
irrevocable,  world-wide  license  to  practice  the  invention  for  or  on  behalf  of  the  United  States. 

March-in  Rights  Under  Contracts,  Grants,  and  Cooperative  Agreements 

With  regard  to  march-in  rights  for  each  of  the  funding  mechanisms,  in  order  to  ensure 
maximum  commercialization  and  public  availability  of  government-sponsored  inventions,  the 
Government  reserves  the  right  to  require  the  patent  holder  to  license  to  others  in  certain 
circumstances,  such  as  if  the  title  owner  did  not  commercialize  the  invention.  However,  in  the 
past,  these  rights  have  rarely  been  invoked. 
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ACTIVE  OR  TYPICAL  SOLICITATION  TOPICS  BY  PROGRAM 

The  funding  cycles  for  each  government  agency  and  program  lend  to  operate  independently. 
In  many  cases,  the  latest  round  of  solicitations  provided  for  a  given  agency  or  program  had 
already  closed  as  this  document  went  to  press.  Historical  information  from  the  closed  round  is 
nevertheless  included  in  order  to  show  a  representative  set  of  research  topics  characteristic  to  that 
agency.  Note  that  the  focus  topics  have  been  excerpted  from  each  agency's  current  or  most 
recent  solication  publication  as  "PNGV-related"  topics  and  may  change  for  each  new  round  of 
solicitations. 


ATP  -  NIST/Department  of  Commerce 

BAA  -  TACOM/Department  of  Defense 

ERIP  -  NIST/Department  of  Energy 

PRDA  -  Department  of  Energy 

SBIR  -  NIST/Department  of  Commerce 

SBIR  -  Advanced  Research  Projects  Agency 

SBER  -  Department  of  Defense 

SBIR  -  Department  of  Energy 

SBIR  -  Department  of  Transportation 

SBLR  -  Environmental  Protection  Agency 

SBER  -  National  Aeronautics  and  Space  Administration 

SBIR  -  National  Science  Foundation 

STTR  -  Department  of  Defense 

STTR  -  Department  of  Energy 

STTR  -  National  Aeronautics  and  Space  Administration 

STTR  -  National  Science  Foundation 

TRP  -  ARPA  /  Department  of  Defense 
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ATP  -  NIST  /  Department  of  Commerce 

ATP  accelerates  technologies  that,  because  they  entail  significant  risk  upstream  of  product 
development,  are  unlikely  to  be  developed  in  time  to  compete  in  rapidly  changing  world  markets 
without  such  a  partnership  of  industry  and  government.  By  sharing  the  cost  of  such  projects  with 
both  large  and  small  companies  and  with  teams,  ATP  catalyzes  industry  to  pursue  promising 
technologies. 

ATP  has  announced  the  proposal  deadline  for  the  1995  general  competition,  which  accepts 
project  submissions  from  any  area  of  technology.  An  estimated  $25  million  to  $30  million  in 
first-year  funding  will  be  available  for  ATP  awards.  Details  on  how  to  create  proposals  are 
found  in  the  November  1994  ATP  Proposal  Preparation  Kit. 

The  Commerce  Department's  National  Institute  of  Standards  and  Technology  (NIST)  has 
also  announced  six  new  focused  areas  of  technology  —  all  based  on  input  from  U.S.  industry  — 
for  which  companies  and  consortia  will  be  able  to  propose  projects  to  receive  nearly  $800  million 
of  long-range,  cost-shared  support  under  the  Advanced  Technology  Program. 

The  six  new  focused  technology  programs  are  founded  on  ideas  from  white  papers 
submitted  by  industry  and  workshops  held  around  the  country.  The  projects  will  be  cost-shared 
and  carried  out  by  industry.  A  five-year  government  investment  of  $785  million  is  expected  to 
leverage  an  equal  investment  by  industry.  It  is  anticipated  that  the  new  ATP  focused  program 
areas  —  all  driven  by  industrial  concerns  -  will  yield  large  benefits  to  the  nation's  economy  by 
fostering  technologies  that  will  enable  new  or  improved  world-class  products  and  industrial 
processes. 

General  Contact: 

Advanced  Technology  Program 

A430  Administration  Building 

NIST 

Gaithersburg,  MD  20899-0001 

Phone:  1 -800-ATP-FUND  (800-287-3863) 

FAX:  (301)  926-9524 

Email:  atp@micfnist.gov  (via  Internet) 

Detailed  summaries  of  each  of  the  six  focused  program  areas  as  well  as  application 
packages  for  the  general  competition  are  available  from  the  ATP  contact  noted  above.  Technical 
contacts  for  each  focus  area  are  listed  below. 
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PNGV-related  Topics: 

Four  of  the  new  focus  program  areas  are  of  possible  application  to  PNGV: 

1.  Motor  Vehicle  Manufacturing  Technology  -  a  five-year,  $185-million  program  to  foster 
innovations  in  manufacturing  technologies  that  can  strengthen  capabilities  and  lead  to  dramatic 
advances  along  the  entire  automotive  production  chain,  including  more  versatile  equipment,  better 
control  and  integration  of  processes,  and  greater  operational  flexibility  at  all  levels.  Automotive 
suppliers  are  expected  to  be  key  partners  and  players  in  this  program. 

PROPOSAL  DEADLINE  IS  APRIL  11,  1995 

For  technical  information,  contact: 

Jack  Boudreaux,  Program  Manager 
Phone:    (301)  975-3560 
FAX:  (301)  926-9524 
Email:  jackb.enh.nist.gov 

2.  Catalysis  and  Biocatalysis  Technologies  -  a  five-year,  $160-million  program  to  develop  the 
tools,  abilities,  and  theoretical  insight  to  identify,  design,  and  implement  new  catalysts  and 
processes  of  major  economic  importance  to  chemical  producers  and  users.  (Catalysts  are 
substances  that  alter  a  chemical  reaction  without  being  integrated  into  the  resulting  product  or 
products.) 

PROPOSAL  DEADLINE  IS  APRIL  26,  1995 

For  technical  information,  contact: 

Linda  Beth  Schilling,  Program  Manager 
Phone:    (301)  975-2887 
FAX:  (301)926-9524 
Email:  schillin@micf.nist.gov 
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3.  Materials  Processing  for  Heavy  Manufacturing  —  a  five-year,  $145-inillion  program  to 
develop  and  demonstrate  innovative  materials  processing  technologies  that  will  help  U.S.  heavy 
manufacturing  companies  make  longer  lasting,  more  reliable,  and  more  efficient  products. 
Examples  of  advances  that  could  result  from  research  in  this  focused  area  include  truck  engines 
that  need  overhauls  only  after  1.6  million  kilometers  (1  million  miles),  drive  trains  that  require 
only  half  as  much  maintenance  and  repair,  and  a  2-percent  increase  in  power-generation 
efficiency. 

PROPOSAL  DEADLINE  IS  MAY  3,  1995 

For  technical  information,  contact: 

John  Gudas,  Program  Manager 
Phone:    (301)  975-3214 
FAX:  (301)  926-9524 
Email:  gudas@mic£ nist.gov 

6.  Advanced  Vapor  Compression  Refrigeration  Systems  --  a  five-year,  $50-million  program  to 
develop  more  efficient,  quiet,  and  compact  air-conditioning  and  refi-igeration  systems  with  the 
lowest  achievable  environmental  impact.  The  projects  selected  will  focus  on  improving  the  vapor 
compression  cycle,  the  principle  of  operation  for  most  current  cooling  equipment.  The  overall 
technical  goals  are  to  increase  system  efficiency,  reduce  noise  levels,  and  reduce  the  size  of 
refrigeration  components  -  each  by  25  percent  -  and  to  design  and  manufacture  a  system  in 
which  no  refrigerant  leaks.  (Ed.  note:  Automotive-sized  equipment  is  specifically  excluded  from 
this  competition,  although  the  technology  may  be  relevant  to  future  vehicles.) 

PROPOSAL  DEADLINE  IS  APRIL  19,  1995 

For  technical  information,  contact: 
Jim  Hill,  Program  Manager 
Phone:    (301)  975-5851 
FAX:  (301)  990-4192 
Email:  jhill@mic£nist.gov 
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7.  Manufacturing  Composite  Structures  —  a  five-year,  $160  million  program  to  trigger  creation 
of  a  high-performance,  commercial  composite  parts  manufacturing  infrastructure  for  surface 
transportation,  civil  infrastructure,  and  offshore  oil  production.  Topics  for  this  second-round 
competition  include  integrated  design  simulation  methodologies,  extrinsic  and  intrinsic  sensors 
for  manufacture  and  performance  monitoring,  and  commercial  manufacturing  processes  to  enable 
low  cost,  large-scale,  complex,  modular  or  continuous  shape  production.  The  program  scope  also 
includes  the  testing  and  evaluation  of  prototypes  which  directly  relate  to  the  previously  listed 
classes  of  potential  commercial  products. 

PROPOSAL  DEADLINE  IS  MAY  24,  1995 

For  technical  information,  contact: 
Carol  L  Schutte 
Phone:    (301)  975-6846 
FAX:  (301)  926-9524 
Email:  schutte@micfnist.gov 

Notes  to  the  Focus  Programs: 

The  planned  funding  levels  for  the  six  focused  program  areas  in  fiscal  year  1995  and 
beyond  are  contingent  on  future  appropriations  for  ATP.  Proposals  for  focused  program  projects 
are  accepted  only  in  response  to  specific  competition  announcements  published  in  the  Commerce 
Business  Daily. 

Timeline  (General  solicitation  only): 

General  competitions  accept  proposals  on  any  subject. 


Solicitation  Published 

November  1994 

I  ^st  Solicitation  Closed 

March  1,  1995 

Awards  announced 

Negotiations  complete 

Next  solicitation  anticipated 

November  1995 

(Excerpted  from  Document  NIST  94-43  Press  Release,  dated  December  2,  1994) 
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BAA  -  TACOM  /  Department  of  Defense 

This  Broad  Agency  Announcement  is  seeking  collaborative  advanced  development  of 
subsystems  and  components  which  will  benefit  future  wheeled  or  trucked  army  combat  vehicles 
and  commercial  vehicles.  Abstracts  and  proposals  should  be  prepared  exclusively  for  tailoring 
or  adapting  ongoing  automotive  technology  research  and  development  in  private  business  and 
non-business  organizations. 


Contact:    J.  Sterba 

U.S.  Army/Tank  Automotive  Command 
AMSTA-AQ-WAA 
Warren,  MI   48397-5000 
Phone:    (810)  574-6792 

PNGV-related  Topics: 

Technical  topics  of  possible  direct  application  to  PNGV  are:  improving  vehicle/system 
performance,  durability,  maintenance;  and  reducing  vehicle  weight  and  operation  and  support 
costs. 

Timeline: 


Sohcitation  Published 

Proposal  Abstracts  Due 

April  30,  1995 

Evaluation  Completed 

May  30,  1995 

Full  Proposals  Due 

June  30,  1995 

Projected  funding  is  expected  to  be  around  $1  million. 
(Excerpted  from  DOD  Solicitation  DAAE07-95-Q-BAA1) 
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ERBP  -  Department  of  Energy 

Contact:     Mr.  Geroge  P.  Lewett,  ERIP  Director 

Office  of  Technology  Evaluation  and  Assessment 
National  Institute  of  Standards  and  Technology 
Gaithersburg,  MD  20899-0001 
Phone:  (301)  975-5500 

PNGV-related  Topics: 

Any  new  energy-related  concept,  device,  product,  material,  or  industrial  process  with 
commercial  potential  may  qualify  for  a  first-stage  evaluation  (ask  for  an  Evaluation  Request 
[Form  1019]  ).  If  the  invention  is  then  rated  as  "promising,"  a  second-stage  evaluation  is  held. 
Successful  passage  of  this  stage  allows  the  inventor  to  write  a  statement  of  work  and  qualify  for 
a  development  grant.  Extensive  courses  covering  patents,  licensing,  market  analysis,  and  other 
business  issues  are  made  available  to  the  participants  to  increase  their  odds  of  success  in  the 
commercial  marketplace. 

Timeline: 


Solicitation  Published 

Always  open 

Solicitation  Never  Closes 

Always  open 

Awards  announced 

As  granted 

Negotiations  complete 

As  granted 

Next  solicitation  anticipated 

Always  open 

Approximate  Approval  Rates:  Of  29,000  inventions  submitted  to  NIST  for  evaluation  since  1975, 
more  than  580  were  recommended  to  DOE.  More  than  400  submitters  received  funding  at  an 
average  value  of  $83K. 

(Excerpted  from  Document  DOE/CH10093-151  DE92010589,  Augast  1992) 
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PRDA  -  Department  of  Energy 

Contact:     Robert  A.  Kost 

U.S.  Department  of  Energy 

EE-321 

1000  Independence  Avenue,  S.W. 

Washington,  DC   20585 

Phone:  (202)  586-2334 

Email:    Robert.Kost@hq.doe.gov 

PNGV-related  Topics: 

1.  Proton  Exchange  Membrane  Fuel  Cell 

Novel,  low-cost  materials,  catalysts,  and  fabrication  techniques  for  advanced  electrodes, 
membranes,  lightweight  bipolar  plates,  and  ancillary  stack  hardware  with  the  potential  for 
greatly  reduced  costs  and  significantly  improved  performance.  Hydrogen  or  reformate  may 
be  proposed  as  fuel. 

2.  Direct  Methanol  Fuel  Cell 

Development  of  new  catalysts  and  electrode  structures  for  the  direct  electrochemical 
oxidation  of  methanol  as  well  as  new  membranes  that  prevent  methanol  "crossover"  to  the 
cathode.  Development  of  new  design  and  manufacturing  techniques  for  the  fuel  cell  and 
stack  as  well  as  ancillary  stack  hardware. 

3.  Solid  Oxide  Fuel  Cell 

Development  of  electrolyte  materials  with  sufficient  solid  state  conductivity,  structural 
integrity,  and  chemical  stability  for  low-temperature  (450-650  'C)  operation.  Development 
of  electrodes,  materials  (metallic  as  well  as  ceramic)  for  fiiel  cell  and  stack  components,  and 
low-cost  processing  and  fabrication  techniques. 

4.  Balance-of-Plant  Components 

a.  Development  of  batteries,  ultracapacitors,  or  other  devices,  specific  to  fuel  cell 
propulsion  systems,  to  provide  short -duration  peak  power  needed  during  acceleration  and 
to  store  energy  recovered  during  regenerative  braking.  The  first  application  of  a  viable 
power  management  device  is  anticipated  to  be  a  fuel  cell-powered  bus. 

b.  Development  of  high-efficiency,  long-life,  lubrication-free,  wide  flow  range 
compressor/expanders  for  pressurizing  fuel  cell  systems  and  subsequent  recovery  of 
energy  from  the  high-pressure  exhaust  streams. 

c.  Development  of  compact,  high-efficiency  fuel  processors  for  the  generation  of  hydrogen 
on-board  the  vehicle  and  compact  hydrogen  storage  systems.  Any  fuel  available  today 
that  is  used  or  being  considered  as  a  transportation  fuel  may  be  proposed. 
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Timeline: 


Solicitation  Published 

January  3,  1995 

Solicitation  Closes 

March  6,  1995 

Awards  announced 

Negotiations  complete 

Next  solicitation  anticipated 

Approximate  Approval  Rate:    At  least  4  awards  are  anticipated  in  the  range  of  $400,000  to 
$1  million. 

(Excerpted  from  DOE  Document  DE-RA08-95CE50384,  January  3,  1995) 
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SBIR  -  NIST  /  Department  of  Commerce 

The  Department  of  Commerce  (DOC)  invites  small  businesses  to  submit  research  proposals 
under  this  solicitation  entitled  "Small  Business  Innovation  Research  (SBIR)."  Firm.s  with  strong 
research  capabilities  in  any  of  the  areas  listed  are  encouraged  to  participate.  Unsolicited 
proposals  are  not  accepted  under  the  SBIR  program. 

Objectives  of  this  solicitation  include  stimulating  technological  innovation  in  the  private 
sector,  strengthening  the  role  of  small  business  in  meeting  Federal  research  and  development 
(R&D)  needs,  increasing  the  commercial  application  of  innovations  derived  from  Federal 
research,  and  improving  the  return  on  investment  from  Federally  funded  research  for  the 
economic  benefit  of  the  Nation. 

Contact:     Dr.  Joseph  M.  Bishop 

DOC  SBIR  Program  Manager 
1315  East-West  Highway 
Room  15342 

Silver  Spring,  MD  20910-3232 
Phone:  (301)  713-3565 
FAX:  (301)  713-4100 

PNGV-related  Topics: 

The  following  subtopics,  within  the  Manufacturing  Engineering  and  Material  Science  and 
Engineering  topics,  specifically  apply  to  PNGV. 

8.11.10TCC  -  Selective  Non-linear  Processing  for  Real-time  Machine  Vision 

8.11.17TCC  -  Machine  Capability  Management  System 

8.11.18TCC  -  Advanced  Part  Data  Format  for  Rapid  Prototyping  Systems 

8.11.19TCC  -  Generic  Process  Models  for  Manufacturing  Simulation 

8.11.20TCC  -  High    Speed    Communications    and    Data    Management    for    Advanced 

Manufacturing 
8.11.21TCC  -  Integration   Mechanisms   to   Enable    Virtual  Prototyping    of  Mechanical 

Components 
8.14.8TCC   -   Polymer    Composites    Durability    in    Infrastructure    and    Transportation 

Application 
8.14.9TCC   -    Optimization  and  Control  of  Composite  Manufacturing 
8.14.10TCC  -  Dynamic  Modulus  Properties  of  Thermoplastics  at  High  Pressure 
8.14.11TCC  -  Monitoring  Crack  Growth  at  Solder  Interfaces 
8.14.14TCC  -  Sensors  for  Magnetic  Nondestructive  Evaluation  (NDE) 
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Timeline: 


Solicitation  Published 

October  1994 

Last  Solicitation  Closed 

January  11,  1995 

Last  awards  announced 

September  1,  1995 

Negotiations  complete 

September  30,  1995 

Next  solicitation  anticipated 

October  1995 

Phase  I  contracts  are  limited  to  $50K. 

(Excerpted  from  Document  DOC  95-1,  dated  October  1994) 
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SBER  -  ARPA 

The  FY  95  Technology  Reinvestment  Program  (TRP)  general  solicitation  will  include  a 
Small  Business  Innovation  Research  (SBIR)  set-aside.  SBIR  proposals  are  invited  in  the  Focus 
Areas  specified  for  the  Technology  Development  Competition  Area  ONLY.  An  SBIR  Phase  I 
proposal  can  be  submitted  in  two  ways  —  a  small  business  can  associate  with  partners  under  the 
major  TRP  and  embed  a  Phase  I  effort  in  that  proposal,  or  it  can  submit  a  stand-alone  SBIR 
Phase  1  effort. 


General  Contact: 


Technology  Reinvestment  Program 
Ph:  (800)  DUAL-USE   (800-382-5873) 
FAX:  (703)  696-3813 
Email:  pa95-04@arpa.mil 


Specific  technical  contacts  are  listed  below. 
PNGV-related  Topics: 

Topics  of  possible  application  to  PNGV  include: 


3.2.1    Affordable  Advanced  Controls  Technologies 

Contacts: 


Larry  Stotts 

ARPA 

Advanced  Systems  Tech.  Office 

(703)  696-2367 

FAX  (703)  696-2206 

lstotts@arpa.mil 


Spiro  Lekoudis 
United  States  Navy 
Office  of  Naval  Research 
(703)  696-4403 
FAX  (703)  696-2558 
lekouds@onrhq.onr.navy.mil 


3.2.2    Affordable  Polymer  Matrix  Composites  for  Airframe  Structures 

Contacts: 

Jon  Devault 

ARPA 

Defense  Science  Office 

(703)  696-2296 

FAX  (703)  696-2201 

jdevault@arpa.mil 


Steve  Thompson 

Air  Force  Wright  Laboratory 

Materials  Technology 

(513)  255-5151 

FAX  (513)  476-4420 

thompssd@mlgate.ml.wpafb.af.mil(:ddn:wpafb) 
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3.2.4     Ceramic  Material  Applications:  High  Performance  Ceramics  and  CFCCs 

Contacts: 

William  Coblenz  Stanley  Levine 

ARPA  NASA 

Defense  Science  Office  Lewis  Research  Center 

(703)  696-2288  (216)  433-3276 

FAX  (703)  696-2201  FAX  (216)  433-5544 

wcoblenz@arpa.mil  slevine@01.lerc.nasa.gov 

3.2.7    Electric  and  Hybrid  Tactical  and  Commercial  Vehicles 

Contacts: 

John  Gully 

ARPA 

Advanced  Systems  Tech.  Office 

(703)  696-2348 

FAX  (703)  696-8401 

jgully@arpa.mil 


Dave  Spiewak 

Department  of  Transportation 

RSPA 

(617)  494-2771 

FAX  (617)  494-2961 


3.2.8    Low  Cost  Specialty  Metals  Processing 

Contacts: 

Robert  Crowe 

ARPA 

Defense  Science  Office 

(703)  696-2229 

FAX  (703)  696-2201 

bcrowe@arpa.  mi  1 


Doug  Kaempf 

Department  of  Energy 

Headquarters/EE 

(202)  586-5264 

FAX  (202)  586-3180 

douglas.kaempf@hq.doe.gov 


Timeline: 


Solicitation  Published 

Completion  delayed  -  unknown 

Solicitation  Ooses 

Completion  delayed  -  unknown 

Awards  announced 

May  1995 

Negotiations  complete 

September  1995 

Next  solicitation  anticipated 

Approximate  Approval  Rate:    Not  specified.  Phase  I  awards  limited  to  $99K. 
(Excerpted  fi-om  FY95  TRP  Competition  Document) 
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SBIR  -  Department  of  Defense 

Contact:    Mr.  Bob  Wren 

SBIR  Coordinator 

U.S.  Department  of  Defense 

OSD/SADBU  -  The  Pentagon,  Room  2A340 

Washington,  DC  20301-3061 

Phone:    (703)  697-1481 

PNGV-related  Topics: 

Topics  of  possible  application  to  PNGV  include: 

U.S.  Army  Laboratory 

OSD95    -005  Fluid-Filled   O-Ring  for  Maintaining   a   Seal   Under  Low    Temperature 
Conditions 
-009  Optical  Vibration  Monitors  in  Gas  Turbine  Engines  for  Prognostic  and 
Diagnostic  Applications 

U.S.  Navy  Laboratory 

OSD95    -012  Trivalent  Chromium  Conversion  Coatings  for  Aluminum  Alloys 

-015  High  Temperature  Package  for  Recently  Developed  Silicon  Carbide 

-016  Elastomeric  Composite  Bumpers 

-017  PAWS  Off-Line  Programming  System 

-018  Integrated  Surface  Treatment  System 

U.S.  Air  Force  Laboratory 

OSD95    -022  High-Speed  Electronic  Imaging  and  Storage 

-023  Multidisciplinary  Design  Optimization  (MDO) 

-024  Multiple  Degree  of  Freedom  Measurement  (MDFM)  System 

-025  Advanced  Tooling  Manufacture  for  Composite  Structures  (ATMCS) 

-026  Intelligent  Machining  Workstation  (IMW) 

-027  Measurement  Techniques  for  Surfaces  under  Dynamic  Contact 
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Timeline: 


Solicitation  Published 

Solicitation  Closes 

April  14,  1995 

Awards  announced 

by  September  15,  1995 

Negotiations  complete 

Next  solicitation  anticipated 

Approximate  Approval  Rate:    40  Phase  I  awards  limited  to  SIOOK. 
(Excerpted  from  DOD  Program  Solicitation  No.  95.2) 
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SBIR  -  Department  of  Energy 

The  Department  of  Energy  (DOE)  invites  small  businesses  to  submit  research  proposals 
under  this  solicitation  entitled  "Small  Business  Innovation  Research  (SBIR)."  Firms  with  strong 
research  capabilities  in  science  or  engineering  in  any  of  the  topic  areas  are  encouraged  to 
participate. 

Objectives  of  this  program  include  increasing  private  sector  commercialization  of 
technology  developed  through  DOE-supported  R&D,  stimulating  technological  innovation  in  the 
private  sector,  strengthening  the  role  of  small  business  in  meeting  Federal  research  and  R&D 
needs,  and  improving  the  return  on  investment  from  Federally  funded  research  for  economic  and 
social  benefits  to  the  Nation. 

Contact:  Mrs.  Kay  Etzler,  Program  Spokesperson 

c/o  SBIR  Program  Manager 
ER-16 

U.S.  Department  of  Energy 
Washington,  DC  20585 
Phone:  (301)  903-5867 

PNGV-related  Topics: 

Technical  topics  of  possible  direct  application  to  PNGV  are  as  follows: 

1.         Novel  Materials  for  Sustainable  Energy  Development 

3.  Ceramic  Fibers  and  Fiber  Coatings  for  High-Temperatiire  Applications 

4.  Chemical  Sciences  Research 

6.  High  Temperature  Superconductivity  for  Energy  Applications 

23.  Cost-Effective  Methods  for  Coating  Polymers 

37.  Natural  Gas  Utilization  (gas  turbines  and  fuel  cells) 

41.  Lightweight  Composite  Material  for  Automotive  Structures 

42.  Hybrid  Electric  Vehicle  Technology 

44.        Technical  Improvements  for  Advancing  Photovoltaic  Applications 
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Timeline: 


Solicitation  Published 

Solicitation  Closes 

March  1,  1995 

Awards  announced 

about  July  1995 

Negotiations  complete 

about  September  1995 

Next  solicitation  anticipated 

about  December  1995 

Approximate  Approval  Rate:    1  in  every  11  grant  applications  was  awarded  last  round. 
Approximate  Approval  Rate:  200  Phase  I  contracts  are  limited  to  $75K  each. 

(Excerpted  from  Document  DOE/ER-0629) 
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SBIR  -  Department  of  Transportation 

Contact:  Dr.  George  Kovalch 

DOT  SBIR  Program  Director,  DTS-22 

U.S.  Deparlmenl  of  Transportation 

Research  and  Special  Programs 

John  A.  Volpe  National  Transportation  Systems  Center 

55  Broadway,  Kendall  Square 

Cambridge,  MA  02142-1093 

Phone:  (617)  494-2051 

FAX:  (617)494-2497 

PNGV-related  Topics: 

Subjects  (numbered  as  in  the  solicitation)  of  possible  relevance  to  PNGV  include  the  following: 

94-FA3  Fire-resistant  Thermoplastics  for  Aircraft  Cabin  Interiors 

94-FA5  Raman  Fiber-optic  cure  monitoring  system  for  polymer  composites 


Timeline: 


Solicitation  Published 

Last  Solicitation  Closed 

May  3,  1994 

Awards  announced 

October  1994 

Negotiations  complete 

October  1994 

Next  solicitation  anticipated 

about  March  1995 



Approximate  Approval  Rate:  25  Phase  I  contracts  are  limited  to  SlOOK. 
(Excerpted  from  Document  DOT-VNTSC-OST-94-1,  SBIR-94-1) 
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SBIR  -  National  Aeronautics  and  Space  Administration 

Contact:  Mr.  Mike  Botaglia 

SBIR  Program  Office 

Code  XC 

NASA 

Washington,  DC  20546-0001 

Phone:  (202)  358-0120 

FAX:  (202)  488-7838 

SBIR  Electronic  Bulletin  Board:  (800)  547-1811 

Internet  FTP:  C0NEY.GSFC.NASA.GOV 

PNGV-related  Topics: 

Topics  of  possible  relevance  to  PNGV  are  as  follows: 

01.01  Internal  Fluid  Mechanics  for  Aeropropulsion  Systems 

01.03  Aeropropulsion  System  Instrumentation,  Sensors,  and  Controls 

01.04  General  Aviation  Propulsion  Systems 

04.02  General  Aviation  Aircraft  Structures  and  Materials 

04.06  Coating,  Bonding,  and  Joining  Technologies 

04.07  Non-Destructive  Evaluation  of  Material  Properties 

04.09  Structures  for  Propulsion  and  Power 

04.10  Processable,  Reliable,  Low-Cost,  High-Temperature  Polymer  Matrix  Composites 

04.11  Epoxy -Based  Cryogenic  Insulation 

10.02  Thermal  to  Electric  Energy  Conversion 

10.03  Energy  Storage  and  Electrochemical  Power  Systems 

Timeline: 


Solicitation  Published 

April  4,  1994 

Last  Solicitation  Closed 

June  IS,  1994 

Awards  announced 

September  30,  1994 

Negotiations  complete 

December  15,  1994 

Next  solicitation  anticipated 

April  1995 

Approximate  Approval  Rate:  380  Phase  I  contracts  are  limited  to  $70K  each. 
(Excerpted  from  Document  SBIR  94-1) 

March  1995  51 


492 


PWmoBHOraP  &  ICWV  (BSUTCNOFVaiOB 


SBIR  -  National  Science  Foundation 

Contact:  SBIR  Program  Director 

Office  of  Industrial  Innovation  and  Partnerships 

Room  590 

National  Science  Foundation 

4201  Wilson  Boulevard 

Arlington,  VA  22230 

Phone:  (703)  306-1391 

Email:  stis@nsf.gov 

Internet  FTP:  stis.nsf.gov 

PNGV-related  Topics: 

NSF  supports  basic  research  in  a  wide  variety  of  areas.    The  following  topics  were  specifically 
identified  as  being  applicable  to  PNGV. 

1.  Membrane  research  for  fuel  cells 

2.  Intelligent  control,  sensors,  and  systems  integration 

3.  Power  systems  and  integration  (electrical) 

4.  Catalysis 

5.  Manufacturing,  process  control,  and  materials 

6.  Enterprise  integration  and  design  technologies 

7.  Social  and  economic  issues 

8.  Environmental  issues 

9.  Alternative  fuel  production  and  storage 

10.  Other 

Timeline: 


Solicitation  Published 

Last  Solicitation  Closed 

June  13,  1994 

Awards  announced 

December  31,  1994 

Negotiations  complete 

December  31,  1994 

Next  solicitation  anticipated 

about  March  1995 

Approximate  Approval  Rate:  280  Phase  I  contracts  are  limited  to  $65K  each. 
(Excerpted  from  Document  NSF-94-4) 
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STTR  -  Department  of  Defense 

Contact:  Mr.  Bob  Wren 

STTR  Coordinator 

U.S.  Department  of  Defense 

OSD/SADBU  -  The  Pentagon,  Room  2A340 

Washington,  DC  20301-3061 

Phone:  (703)  697-1481 

PNGV-related  Topics: 

Topics  with  possible  relevance  to  PNGV  are  as  follows: 

NAVY  95T001  General  Structural  Materials,  e.g.  composites  and  metal-ceramic  hybrids. 

NAVY  95T004  Specific  Structural  Materials  Processing 

NAVY  95T007  Environmentally  Acceptable  Processes,  e.g.  applying  zero-volatile-organic 

paints  using  supercritical  fluid. 

For  general  information  contact: 
Mr.  Vincent  D.  Schaper 
Office  of  Naval  Research  41 2E 
800  North  Quincy  Street 
Arlington,  VA  22217-5660 
Phone:    (703)  696-4286 

AF  95T007     Innovative  Applications  Advanced  Photonics 

a.  Industrial  Applications  -  Laser  cutting/boring/drilling/welding 

For  technical  information  contact: 
Robert  Hancock 
Phone:    (505)  846-4418 

AF  95T010     Manufacturing  Integration/Infrastructure  Technologies 

a.  Helioimaging  Durable  Product  Generator 

e.  Near-netshape  Casting  Producing  Machine 

For  technical  information  contact: 

Marvin  Gale 

WL/MTX 

Phone:   (513)255-7371 
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AF  95T011     Electro  Devices  for  Propulsion  &  Power  Research 

For  technical  information  contact: 

Betty  Siferd 

Phone:   (513)255-2131 

Timeline: 


Sohcitation  Published 

Solicitation  Qoses 

April  7,  1995 

Awards  announced 

October  1,  1995 

Negotiations  complete 

Next  solicitation  anticipated 

December  1995 

Approximate  Approval  Rate:    70  Phase  I  awards  are  limited  to  $100K  in  funding. 
(Excerpted  from  Document  DOD  Program  Solicitation  Number  95) 
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STTR  -  Department  of  Energy 

The  Department  of  Energy  invited  small  business  concerns  to  submit  grant  applications 
under  the  second  annual  solicitation  for  the  Small  Business  Technology  Transfer  pilot  program. 
Firms  with  strong  research  capabilities  in  science  or  engineering,  in  collaboration  with  research 
institutions  are  encouraged  to  participate  in  any  of  the  topic  areas  described.  Participation  of  a 
research  institution  in  all  STTR  projects  is  a  requirement  of  the  program.  DOE  will  support 
high-quality  research  or  research  and  development  on  advanced  concepts  concerning  important 
energy-related,  scientific  or  engineering  problems  or  opportunities  that  could  lead  to  significant 
public  benefit  if  the  research  is  successful. 

Contact:  Mrs.  Kay  Etzler,  Program  Spokesperson 

c/o  STTR  Program  Manager,  ER-16 
U.S.  Department  of  Energy 
Washington,  D.C.  20585 
Phone:  (301)  903-5867 

PNGV-reiated  Topics: 

Topics  (numbered  as  listed  in  the  solicitation)  of  possible  relevance  to  PNGV: 

1.  Production  and  Conversion  of  Cellulosic  Biomass  to  Alternative  Fuels 

b.  Ethanol  Production  Process 

3.  Environmentally  Benign  Physical  and  Chemical  Processes 

a.  Environmentally  Benign  Chemical  Processes 

b.  Near  Net  Shape  Forming  of  Materials 

c.  Environmentally  Benign  Synthesis  and  Processing  of  Ceramics 

Timeline: 


Sohcitation  Published 

Last  Solicitation  Closed 

January  9,  1995 

Awards  announced 

about  May  1995 

Negotiations  complete 

about  July  1995 

Next  solicitation  anticipated 

about  October  1995 

Approximate  Approval  Rate:  1  in  every  23  grant  applications  was  awarded  during  the  last  round. 
(Excerpted  from  Document  DOE/ER-0622) 
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STTR  -  National  Aeronautics  and  Space  Administration 

Contact:  National  Aeronautics  and  Space  Administration 

Paul  Mexcur,  Code  XC 
STTR  Program  Manager 
Washington,  DC  20546-0001 
Phone:  (202)  488-2931 
FAX:  (202)  488-7838 
E-mail:  sbir@coney.gsfc.nasa.gov 
Electronic  bulletin  board  dialup: 
[Nationwide  except  DC]     (800)  547-1811 
[DC]     (202)  488-2939 

PNGV-related  Topics: 

Selected  topics  of  potential  application  to  PNGV  include  the  following: 

01.  General  Aviation 

This  topic  seeks  to  reduce  the  cost,  increase  the  safety,  and  expand  the  utility  of  general 
aviation  aircraft  by  improving  propulsion,  flight  planning,  and  pilot  decision-making 
technologies  for  this  class  of  vehicle.  Proposals  for  cooperative  research  that  support  the 
conversion  of  technology  resident  in  research  institutions  into  products  are  solicited  in: 

•  Advanced  internal  combustion  and  gas  turbine  engines  and  subsystems  (e.g., 
propeller,  gearbox/drive  train,  exhaust  systems,  combustors,  etc.)  that  are  capable 
of  operating  efficiently  on  fuels  other  than  leaded  aviation  gasoline  while 
producing  lower  emissions  (NO,  and  VOC)  and  noise  levels  than  those  of  current 
propulsion  systems  and  propellers. 

•  Expert  systems,  related  sensors,  data  storage,  data  analysis  for  decision  support, 
graphical  depictions,  and  crew-vehicle  system  interfaces  related  to  engine 
operation  to  improve  safety  and  efficiency  and  to  reduce  emissions  and  operating 
and  maintenance  costs. 

02.  Advanced  Materials  and  Structures  for  Aerospace  Systems 

Proposals  are  solicited  in  the  area  of  Active  Materials  and  Enhanced  Structural 
Performance  for  the  development  of  materials  and  structural  concepts  that  will  help  to 
improve  the  performance  and  reduce  the  weight  and  cost  of  aerospace  structures.  In 
particular,  concepts  derived  from  technologies  resident  in  a  research  institution  and  having 
commercial  potential  are  being  sought  for  application  in  the  development  of  materials  and 
processes  enabling  smart  materials,  including  sensors  and  actuators,  that  apply  to  both 
high  performance  aerospace  and  ground-based  systems.  Material  systems  of  interest 
include  piezoelectric  and  electrostrictive  materials;  optical  fibers;  films  and  coatings  for 
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sensing  external  stimuli;  specialty  polymers  for  scientific  instrument  packages;  and 
oxidative-resistant  polymers  for  i31ms,  coatings,  adhesives,  and  matrix  resins.  Novel 
techniques  are  being  sought  for  embedding  sensors,  actuators,  and  electronics  into 
composite  systems  for  active  shape  control  and  vibration  stabilization. 

03.  Energy  Conversion  Technology 

Proposals  are  sought  that  will  stimulate  the  development  of  power  conversion 
technologies  to  (1)  improve  performance  at  the  system  level  and  (2)  reduce  environmental 
impacts  with  reference  to  the  current  state-of-the-art.  Proposals  must  provide  for  the 
commercialization  of  a  technology  that  is  resident  in  a  research  institution  and  that  also 
meets  a  NASA  interest  in. 

•  Thermal-to-electric  energy  conversion  including  both  static  (thermoelectric, 
thermophotovoltaic,  alkali-metal  thermoelectric  conversion)  and  dynamic  (Brayton, 
Stirling,  and  Rankine)  systems. 

•  Energy  storage  and  electrochemical  power  systems  including  rechargeable 
batteries,  fuel-cell-electrolyzer  energy  storage,  lightweight  flywheels,  and  ultra- 
capacitors. 

•  Power  management  and  distribution  with  increased  autonomous  operation  and 
efficiency  including  hardware,  software,  and  overall  electrical  system  concepts. 

04.  Access  to  Space 

Proposals  are  solicited  for  the  following  specific  areas  that  will  support  access  to  space: 

•  Improvements  in  turbomachinery  utilizing  a  variety  of  techniques,  such  as  bearing 
fault  diagnostics  using  acoustic  emission  technology,  concepts  that  increase 
lifetime  of  hydrodynamic  bearings,  and  new  methods  for  axial  control  of  the 
Earth-to-orbit  class  of  turbopumps  during  start  and  shutdown  transients. 

•  Reusable  cryogenic  propellant  tanks  fabricated  fi'om  advanced  materials  (e.g., 
composite  structures). 

•  Improved  vehicle  and  ground  systems  techniques  for  status  monitoring  and  failure 
remediation,  including  advanced  sensors,  networking,  and  autonomous  control 
capability. 
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Timeline: 


498 


Solicitation  Published 

January  10,  1995 

Solicitation  Closes 

March  23,  1995 

Awards  announced 

about  July  1,  1995 

Negotiations  complete 

Next  solicitation  anticipated 

January  1996 

Approximate  Approval  Rate:  24  Phase  I  contracts  are  anticipated;  limited  to  $100K  each. 
(Excerpted  from  Document  1995  NASA  STTR.) 
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STTR  -  National  Science  Foundation 

The  National  Science  Foundation  invites  small  business  concerns  to  submit  proposals  for 
cooperative  research  with  a  nonprofit  research  institution  under  this  Program  Solicitation  for 
Small  Business  Technology  Transfer  (STTR).  STTR  not  only  allows  but  requires  researchers  at 
universities  and  other  research  institutions  to  play  a  significant  role  in  each  STTR  project. 

Contact:  STTR  Program  Manager 

National  Science  Foundation 
Room  590 
4201  Wilson  Blvd. 
Arlington,  VA  22230 
Phone:  (703)  306-1390 

PNGV-related  Topics: 

Proposals  for  only  one  topic  are  sought. 

Analytical  Chemical  Instrumentation 

Research  leading  to  the  development  of  innovative  instrumentation  for  the  detection, 
identification,  and  quantification  of  chemical  species  is  the  focus  of  this  solicitation.  Such 
instrumentation  will  likely  utilize  new  technologies  or  demonstrate  new  concepts. 
Examples  include: 

•  New  and  improved  analytical  and  characterization  instruments  and  sensors  having 
applications  in  chemistry,  materials  science,  biotechnology,  or  environmental 
sciences. 

•  Analytical  instrumentation  for  chemical  processes,  both  batch  and  continuous. 

•  New  or  improved  hardware  and  software  components  of  analytical  chemical 
instrumentation  systems. 

The  scope  of  this  solicitation  is  restricted  to  research  leading  to  the  development  of 
analytical  chemical  instrumentation  that  responds  to  atomic  or  molecular  species.  It  does  not 
include  analytical  instruments  that  measure  mechanical  phenomena. 

Prospective  applicants  are  encouraged  to  discuss  the  appropriateness  of  their  proposal, 
prior  to  submission,  with  the  cognizant  Program  Director  in  the  Chemistry  Division  at  (703)  306- 
1856. 
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Timeline: 

Solicitation  Published 

Solicitation  Closes 

April  3,  1995 

Awards  announced 

July  31,  1995 

Negotiations  complete 

Next  solicitation  anticipated 

about  January  1996 

Approximate  Approval  Rate:   The  10  Phase  I  contracts  to  be  awarded  are  limited  to  $100K. 
(Excerpted  from  Document  NSF  93-95-30.) 
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TRP  -  ARPA  /  Department  of  Defense 

General  Contact:       Technology  Reinvestment  Project 

Phone:  (800)  DUAL-USE  (800-382-5873) 
FAX:  (703)  696-3813 
Email:  pa95-04@arpa.mil 

Specific  contacts  are  listed  below. 

PNGV-related  Topics: 

Proposals  in  any  dual-use  area  can  be  accepted  into  a  single,  very  competitive  category,  but  focus 
areas  have  been  identified  for  priority  funding.   Those  areas  relevant  to  PNGV  are  as  follows: 


3.2.1    Affordable  Advanced  Controls  Technologies 


Contacts: 

Larry  Stotts 

ARPA 

Advanced  Systems  Tech.  Office 

Phone:    (703)  696-2367 

FAX:    (703)  696-2206 

Email:    lstotts@arpa.mil 


Spiro  Lekoudis 

United  States  Navy 

Office  of  Naval  Research 

Phone:    (703)  696-4403 

FAX:    (703)  696-2558 

Email:    lekouds@onrhq.onr.navy.mil 


3.2.2    Affordable  Polymer  Matrix  Composites  for  Airframe  Structures 


Contacts: 

Jon  Devault 

ARPA 

Defense  Science  Office 

Phone:    (703)696-2296 

FAX:    (703)  696-2201 

Email:   jdevault@arpa.mil 


Steve  Thompson 

Air  Force  Wright  Laboratory 

Materials  Technology 

Phone:   (513)  255-5151 

FAX:  (513)  476-4420 

Email:thompssd@mlgate.ml.wpafb.af  mil(:d 

dn:wpafb) 


3.2.4    Ceramic  Material  Applications:  High  Performance  Ceramics  and  CFCCs 


Contacts: 

William  Coblenz 

ARPA 

Defense  Science  Office 

Phone:   (703)696-2288 

FAX:    (703)  696-2201 

Email:    wcoblenz@arpa.mil 


Stanley  Levine 

NASA 

Lewis  Research  Center 

Phone:    (216)  433-3276 

FAX:    (216)433-5544 

Email:   slevine@01.lerc.nasa.gov 
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3.2.7    Electric  and  Hybrid  Tactical  and  Commercial  Vehicles 


Contacts: 

John  Gully 

ARPA 

Advanced  Systems  Tech.  Office 

Phone:    (703)  696-2348 

FAX:    (703)  696-8401 

Email:   jgully  @arpa.mil 


Dave  Spiewak 

Department  of  Transportation 

RSPA 

Phone:  (617)  494-2771 

FAX:  (617)  494-2961 


3.2.8    Low  Cost  Specialty  Metals  Processing 

Contacts: 

Robert  Crowe 

ARPA 

Defense  Science  Office 

Phone:    (703)  696-2229 

FAX:    (703)  696-2201 

Email:    bcrowe@arpa.mil 


Doug  Kaempf 

Department  of  Energy 

Headquarters/EE 

Phone:    (202)  586-5264 

FAX:    (202)  586-3180 

Email:   douglas.kaempf@hq.doe.gov 


Timeline: 

The  next  round  of  solicitations  will  open  when  advertised  in  the  Commerce  Business  Daily 
on  about  February  3,  1995. 


Announcement  Published 

October  21,  1994 

Due  Date  for  Concept  Papers 

December  21,  1994 

Solicitation  Published 

Completion  delayed  -  unknown 

Due  Date  for  Full  Proposals 

Completion  delayed  -  unknown 

Publication  of  Selections 

May  1995 

Negotiations  complete 

September  1995 

Next  solicitation  anticipated 

October  1995 

(Excerpted  from  Program  Information  Package  for  Technology  Reinvestment  Project  FY  95 
Competition) 
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